University of South Florida

Scholar Commons
Graduate Theses and Dissertations

Graduate School

January 2015

Tornado Fatalities: An In-Depth Look at Physical
and Societal Influences
Heather Joann Key
University of South Florida, hkey@mail.usf.edu

Follow this and additional works at: http://scholarcommons.usf.edu/etd
Part of the Environmental Sciences Commons, Meteorology Commons, and the Other Social
and Behavioral Sciences Commons
Scholar Commons Citation
Key, Heather Joann, "Tornado Fatalities: An In-Depth Look at Physical and Societal Influences" (2015). Graduate Theses and
Dissertations.
http://scholarcommons.usf.edu/etd/5714

This Thesis is brought to you for free and open access by the Graduate School at Scholar Commons. It has been accepted for inclusion in Graduate
Theses and Dissertations by an authorized administrator of Scholar Commons. For more information, please contact scholarcommons@usf.edu.

Tornado Fatalities: An In-Depth Look at Physical and Societal Influences

by

Heather J. Key

A thesis submitted in partial fulfillment
of the requirements for the degree of
Master of Science
School of Geosciences
College of Arts and Sciences
University of South Florida

Major Professor: Jennifer Collins, Ph.D.
Joni Downs, Ph.D.
Margarethe Kusenbach, Ph.D.

Date of Approval:
May 29, 2015

Keywords: Tornadoes, Hazards, Disasters, Vulnerabilities
Copyright © 2015, Heather J. Key

Acknowledgments
I would like to recognize my thesis committee, Dr. Jennifer Collins, Dr. Margarethe
Kusenbach, and Dr. Joni Down, for their help and guidance throughout this process. I’d like to
thank my major professor Dr. Jennifer Collins for her help in formulating my topic, her helpful
feedback, and support and patience throughout the process. I’d like to thank Dr. Margarethe
Kusenbach for her guidance in making my topic feasible, her knowledge of and willingness to
teach qualitative methods, and for her help in formulating the interview schedule and identifying
themes, sub-themes, and categories. I’d like to thank Dr. Joni Downs for her guidance on the GIS
portion of the study, and her helpful feedback specifically on the quantitative analyses. I’d like to
thank Dr. Steven Reader for his help with getting regressions to work in R and his guidance on
reducing the range of my Tornado Death Index values. I’d also like to thank my fiance Thomas
Lisy for providing feedback on my thesis, and for supporting and encouraging me. Finally, I
would like to thank all of my loved ones and mentors who have been there for me through this
process.

Table of Contents
List of Tables ................................................................................................................................. iii
List of Figures ................................................................................................................................ iv
Abstract ......................................................................................................................................... vi
Chapter 1. Introduction ....................................................................................................................1
1.1 Tornado Meteorology and Climatology.........................................................................2
1.2 Tornado Fatalities ..........................................................................................................5
1.3 Hazard, Vulnerability, Risk and Disaster ......................................................................6
1.4 The Political Environment and Approaches towards Disasters .....................................7
1.5 Trends in Hazards ........................................................................................................11
1.6 Risk Perception ............................................................................................................12
1.7 The Role of Emergency Managers in Tornadoes ........................................................12
1.8 Tornado Characteristics ...............................................................................................14
1.8.1 Frequency of Tornadoes ...............................................................................14
1.8.2 Tornado Paths ...............................................................................................15
1.8.3 Tornado EF-Scale .........................................................................................16
1.8.4. Nocturnal Tornadoes ....................................................................................18
1.9 Demographics ..............................................................................................................19
1.9.1 Population Density ........................................................................................19
1.9.2 Household Income ........................................................................................20
1.9.3 Age ................................................................................................................21
1.9.4 Race/Ethnicity ...............................................................................................22
1.9.5 Immigration...................................................................................................22
1.9.6 Gender ..........................................................................................................24
1.9.7 Education ......................................................................................................25
1.10 Housing Types and Characteristics ............................................................................25
1.11 Cultural Beliefs ..........................................................................................................28
1.12 Region ........................................................................................................................30
1.13 Rural vs. Urban ..........................................................................................................31
1.14 Potential Casualty (PotCas) .......................................................................................31
1.15 Tornado Death Index (TDI) .......................................................................................32
1.16 Summary and Implications ........................................................................................34
1.17. Statement of Research...............................................................................................35
1.18. Study Objectives and Research Questions ................................................................36
Chapter 2. Research Methods and Data .........................................................................................40
2.1 Study Area ...................................................................................................................40
i

2.2 Data Collection ............................................................................................................43
2.2.1 Quantitative Data Collection.........................................................................44
2.2.2 Interview Data Collection .............................................................................50
2.3 Data Analyses ..............................................................................................................53
2.3.1 Quantitative Analysis ....................................................................................53
2.3.2 Interview .......................................................................................................54
Chapter 3. Results ..........................................................................................................................56
3.1 Descriptive Statistics ....................................................................................................56
3.2 Multiple Regressions ...................................................................................................63
3.3 Multiple Regression Diagnostics .................................................................................68
3.4 Interview Analysis .......................................................................................................74
3.4.1 Vulnerabilities and Risks: Vulnerabilities ....................................................75
3.4.2 Vulnerabilities and Risks: Behaviors ............................................................76
3.4.3 Vulnerabilities and Risks: Physical Risk Factors .........................................78
3.4.4 Protective and Preventive Measures: Actual Protective Measures ...............82
3.4.5 Protective and Preventive Measures: Ideal Strategies ..................................85
Chapter 4. Discussion ....................................................................................................................87
4.1 Descriptive Statistics ....................................................................................................87
4.2 Multiple Regressions ...................................................................................................89
4.3 Multiple Regression Diagnostics .................................................................................94
4.4 Interview Analysis .......................................................................................................95
4.4.1 Vulnerabilities and Risks: Vulnerabilities ....................................................95
4.4.2 Vulnerabilities and Risks: Behaviors ............................................................96
4.4.3 Vulnerabilities and Risks: Physical Risk Factors .........................................97
4.4.4 Protective and Preventive Measures: Actual Protective Measures ...............99
4.4.5 Protective and Preventive Measures: Ideal Strategies ................................100
Chapter 5. Conclusions ................................................................................................................102
5.1 Study Weaknesses and Suggestions for Future Research ..........................................104
Chapter 6. References ..................................................................................................................108
Appendix I: Interview Schedule ..................................................................................................118
Appendix II: Recruitment Email ..................................................................................................119
Appendix III: IRB Approval Letter .............................................................................................120
Appendix IV: Informed Consent Form ........................................................................................122

ii

List of Tables
Table 1.

The F-Scale and EF-Scale. .............................................................................................3

Table 2.

Tornado fatalities and killer tornadoes per region (1880-2005). .................................43

Table 3.

Warned and unwarned tornado fatalities per region (1986-2007). ..............................43

Table 4.

The variable categories and their variables. .................................................................45

Table 5.

The variable categories and their data sources. ...........................................................46

Table 6.

Approximate ranges for each variable. ........................................................................60

Table 7.

The transformations chosen for the skewed variables. ................................................62

Table 8.

The transformed model with correlations removed (R1). ............................................65

Table 9.

The hypothesized variables and their significance (R1). .............................................66

Table 10. The final model result from the backwards stepwise regression (R2). ........................67
Table 11. The hypothesized variables and their significance (R2). .............................................68

iii

List of Figures
Figure 1. Counties included in the study which have incurred tornado fatalities in the
Midwest and Southern Regions (counties in black) between 1950-2014. ...................42
Figure 2. The dependent variable (median TDI) using the full dataset. ......................................57
Figure 3. The outliers in the dependent variable (median TDI) using the full dataset. ...............57
Figure 4. The reduced range of data used for the dependent variable (median TDI). ................58
Figure 5. The frequencies of TDI values for the Midwest. .........................................................58
Figure 6. The frequencies of TDI values for the South. ..............................................................59
Figure 7. The residuals for median tornado frequency, median average tornado width,
and median percent female. .........................................................................................69
Figure 8. The residuals for the median percent of ages 35-44, median percent Hispanic,
and the median percent born in the Northeast. ............................................................69
Figure 9. The residuals for the median percent with a Bachelor’s degree or higher,
median percent with household incomes $10,000-14,999, and median
potential casualty. ..................................................................................................70
Figure 10. The residuals for median percent rural housing units and fitted values. .....................70
Figure 11. Influence index showing leverage in the Cook’s distance and hat-values...................71
Figure 12. Marginal models of median TDI values and both median tornado frequency
and median average tornado width. .............................................................................71
Figure 13. Marginal models of median TDI values and both median percent female and
median percent of ages 35-44. .....................................................................................72
Figure 14. Marginal models of median TDI values and both median percent Hispanic,
and median percent born in the Northeast. ..................................................................72
Figure 15. Marginal models of median TDI values and both median percent with a
Bachelor’s degree or higher and median percent with household incomes of
$10,000-14,999. .....................................................................................................73
iv

Figure 16. Marginal models of median TDI values and both median potential casualty
and median percent of rural housing units. ..................................................................73
Figure 17. Marginal models of median TDI values and fitted values. ..........................................74

v

Abstract
The purpose of this study is to model and determine significant predictors of tornado
death index values, and to investigate these significant predictors and what makes people
vulnerable to tornado fatalities through expert interviews. This study also provides an
understanding of the study participant’s perceptions of their county’s vulnerability to tornado
fatality and demonstrates a true integration of methods and fields by studying geographic,
meteorological, and sociological phenomena by use of quantitative and qualitative methods. The
study consists of two parts: 1) A quantitative exploration of variables hypothesized to predict
Tornado Death Index (TDI) values, 2) A qualitative investigation to further understand what
leads to higher tornado fatalities. For the quantitative portion of the study descriptive statistics
and multiple linear regressions were run on TDI values. It was predicted that several tornado
characteristic, demographic, housing type and characteristic, religious, region, rural vs. urban,
and potential casualty variables were significant predictors of TDI values. For the qualitative
portion of the study a highest order emergency manager was interviewed, coding was done and
themes, sub-themes, and categories emerged, and quotes that demonstrated the themes and
categories were examined.
Overall, significant predictor variables of TDI are tornado frequency, tornado width, ages
35-44, percent born in the Northeast, percent rural housing units, and potential casualties. As
tornado width, and percent of rural housing units increases TDI increases (positive relationship),
whereas as tornado frequency, ages 35-44, being born in the Northeast, and potential casualty
increases TDI decreases (negative relationship). In the interview, age, cultural beliefs, and
vi

mobility challenges were found to increase risk to tornado fatality. It was also suggested that
differences in tornados may exist between the Midwest and the South in terms of tornado
development, duration, and warning lead-times. Finally, vulnerability can be reduced by
educating the public, and reaching out to vulnerable populations and their caregivers.
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Chapter 1. Introduction
There have been collaborative efforts within the fields of meteorology and the social
sciences to understand tornadoes and the people vulnerable to them. This project expands on this
effort by investigating direct tornado fatalities in counties across the Midwestern and Southern
United States. The counties of particular interest are rural and urban counties which have had
direct tornado fatalities in the Midwest and Southern regions.
Studies dealing with producing better forecast models are important. Although, fatalities
due to tornadoes should not be solely dependent on forecasts themselves. There is a
communication gap between meteorologists, or other emergency personnel, and the community.
As we have progressed in forecasting, fatality rates have declined (Boruff et al. 2003; Sutter and
Simmons 2010). However, confidence in the National Weather Service’s (NWS) forecasted
watches and warnings do not reflect these improvements at the same rate. Of the studies that
exists, findings suggest that women feel more weather salience than men, potential casualties do
not necessarily predict actual casualties, and region of residence is a significant predictor of
tornado fatalities, in some cases even when the tornado climatology of the areas are similar
(Sims and Baumann 1972; Stewart 2006).
What physical and societal characteristics predict tornado death index values? What leads
to higher tornado death index values? What does a vulnerable community look like in the face of
a tornado? And how do these hypothetically vulnerable communities differ among varying
populations and regions? This study models and determines significant physical tornado
characteristics and demographic predictor variables of direct fatalities related to tornadoes and
1

investigates these significant predictors and what makes people vulnerable to tornado fatalities
through expert interviews.
The following sections in this chapter will address the previous literature on these topics:
tornado meteorology and climatology, tornado fatalities, hazard, vulnerability, risk and disaster,
the political environment and approaches towards disasters, trends in hazards, risk perception,
the role of emergency managers in tornadoes, tornado characteristics, demographics, housing
types and characteristics, cultural beliefs, region, rural vs. urban, potential casualty, and the
tornado death index (TDI).

1.1 Tornado Meteorology and Climatology
When discussing tornadoes’ effects on fatalities, one must understand the meteorology
and climatology of this destructive weather hazard. Tornadoes can occur in frontal boundaries,
supercells, squall lines, mesoscale convective complexes, and tropical cyclones (Aguado and
Burt 2007). If all of the atmospheric variables are favorable, a tornado can develop. A tornado is
a column of winds, or vortex, which spirals out of a storm cloud around a center of low pressure
(NWS 2003; Keller and Blodgett 2008; Ahamed 2014). Other names for tornadoes are twisters
and cyclones (NWS 2003; Keller and Blodgett 2008). Most tornadoes are single rotating columns
of winds; however some can consist of multiple vortices known as suction vortices (Aguado and
Burt 2007).
Tornadoes have the ability to produce wind speeds greater than 500 kph (Grazulis 2001;
Silver 2012). In a tornado, winds can be produced both horizontally and vertically causing for
objects to be airborne (Grazulis 2001; Silver 2012). In 2007, the Enhanced Fujita Scale (EFScale) was introduced (Table 1) (Silver 2012). The EF-Scale is an estimate of wind speed based
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on tornado damage. The Fujita Scale (F-Scale), which the EF-Scale is a descendent of, was
created earlier by Tetsuya (Ted) Fujita in 1971 (Table 1) (Silver 2012). Both the F-Scale and the
EF-Scale are classifications of tornadoes based on the damage they produce (Grazulis 2001;
Silver 2012). However, the F-Scale estimates of wind speed are not as accurate as the ones used
for the EF-Scale (Silver 2012). The F-Scale became widely used and accepted following its
appearance in McDonald’s (2001) study where it was the major measure of tornado power
(Silver 2012).

Table 1. The F-Scale and EF-Scale.
F-Scale

EF-Scale

Rating

Estimated Windspeeds
Rating
Estimated Windspeeds
(mph)
(mph)
F0
45-78
EF0
65-85
F1
79-117
EF1
86-110
F2
118-161
EF2
111-135
F3
162-209
EF3
136-165
F4
210-261
EF4
166-200
F5
262-317
EF5
Over 200
Source data: SPC (Storm Prediction Center), 2015: Enhanced F Scale for tornado damage. NOAA.

A tornado can be one of the most difficult weather phenomenon to forecast accurately
due in part to their short duration and strong winds (Silver 2012). In the 1950s the NWS began
producing tornado watches and warnings (Grazulis 2001; Silver 2012). On a tornado risk day, if
conditions are favorable for tornado development a watch will be put into place by the NWS
(Aguado and Burt 2007). Indeed, if a tornado signature is detected on radar, or a tornado has
been reported on the ground by a trained storm spotter, the tornado can become warned by the
NWS (Aguado and Burt 2007).
In the United States tornado warnings peak between March-June, while the most tornado
warnings occur during May (Kelly et al. 1978, 1985; Brooks et al. 2003; Doswell et al. 2005;
3

Ashley 2007; Black and Ashley 2011). Tornadoes also tend to happen during the late afternoon
and early evening hours (Silver 2012). This is due to an unstable atmosphere caused from intense
daytime heating since the incoming solar radiation is at its peak just prior to this time. However,
tornadoes can happen any time of year, time of day, or in any state (Silver 2012).
According to the Storm Prediction Center (SPC 2002), there were 40,522 tornadoes in the
United States between the years of 1950-1999. When looking at the trends of tornado
occurrence, there is an increase in the number of tornadoes from the 1950s-1970s, while tornado
activity decreased during the 1980’s, and increased once again during the 1990’s (SPC 2002;
Boruff et al. 2003). Overall, in the United States the trends show that thunderstorms and
tornadoes have increased throughout the years (Black and Ashley 2011). However, these
increasing trends may be due to advanced reporting, detection, and documentation (Bluestein
1999; Golden and Adams 2000; Boruff et al. 2003). It is interesting to note that regardless of
these advancements and increasing trends, it is still estimated that the actual number of tornadoes
is higher than the reported (Anderson et al. 2007; Ashley and Gilson 2009).
Tornado warning lead-times determine how much time, if any, an individual or
community has to respond to tornado risk. Lead-times have increased 433% since the 1970s
(Silver 2012). Lead-times are at approximately 13 minutes now (Silver 2012). However,
preferred lead-times vary among different users. Specific institutions may need more lead-time
than other groups due to the amount of people they need to shelter (Ewald and Guyer 2002;
Silver 2012). Therefore, longer lead-times can result in saved lives. However, some studies have
shown that people are less likely to respond to a tornado warning if the lead-time is longer
(Doswell 1999; Simmons and Sutter 2008; Simmons and Sutter 2009; Silver 2012). This lack of
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response is possibly due to an increased perceived sense of preparedness (Doswell 1999; Silver
2012). Thus, too much lead-time can also potentially result in a higher number of fatalities.

1.2 Tornado Fatalities
In the past decade tornado fatality trends have declined (Boruff et al. 2003; Sutter and
Simmons 2010). Nationally, it is estimated that tornado fatality rates have decreased from 1.8 per
million to 0.11 per million between the years 1925-2000 (Brooks and Doswell 2002; Sutter and
Simmons 2010). In fact, from 1900-1999, expected fatalities from EF5 tornadoes had decreased
approximately 91% (Simmons and Sutter 2005; Sutter and Simmons 2010). Improvements to
forecasting tornadoes, understanding the development of tornadoes, and advancements in
technology may indeed be contributing to the reduction in fatalities (Schultz et al. 2010; Sutter
and Simmons 2010; Hoffman 2013). EF4 and EF5 tornadoes contribute approximately 70% of
tornado related fatalities (NWS 2012; Hoffman 2013). However, these tornadoes only account
for a few percent of all tornadoes (Doswell 2003). EF2 tornadoes occupy 25% of tornado related
fatalities (NWS 2012; Hoffman 2013). However, EF2 tornadoes represent approximately 33% of
all tornadoes (Doswell 2003).
According to Simmons et al. (2012), the average number of deadly tornadoes per year is
21, based on an average from the years 2000-2010. However, the year 2011 was inconsistent
with this average. In the year 2011, there were 51 killer tornadoes. The number of killer
tornadoes isn’t the only inconsistency. In 2011, there were approximately 552 fatalities due to
tornadoes, while the annual average is usually 50-60 per year. Therefore, tornado fatalities have
been decreasing, but the year 2011 was abnormal in the decreasing trends. The 2011 tornado
season was a historically significant one due to the number of tornadoes (Simmons et al. 2012).
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The higher incidences of tornadoes can help explain the higher occurrences of killer tornadoes
and resulting fatalities in 2011. The climatology of tornadoes in the United States can
demonstrate areas of geophysical vulnerability, which may also be contributing to the difference
in fatality rates.

1.3 Hazard, Vulnerability, Risk and Disaster
Natural hazards can be defined as natural processes, which have the potential to cause
harm to people, the natural environment, and the urban developed environment (Green and Petal
2008). Vulnerabilities are various variables that are considered physical, environmental, social,
and economic which can increase the probability of being impacted by a natural hazard (Green
and Petal 2008). Gottlieb et al. (2011) defined vulnerability not just as variables that can increase
probability of impact due to a natural hazard, but also due to the preparedness and response of
society to those natural hazards. Social vulnerability is the effect on the probability of impact to
populations from a natural hazard based on social variables such as age, disability, income,
and/or language spoken (Shay et al. 2012). Physical vulnerability is the effect on the probability
of impact to people and their environment from a natural hazard based on the natural hazard
itself (MDC 2009; Shay et al. 2012). Finally, spatial vulnerability are variances in vulnerability
of different geographic locations (Hout et al. 2010).
The amount of vulnerability can affect the level of risk someone is at for a natural
disaster. Risk is the chance of negative consequences from a natural hazard (Green and Petal
2008). Natural disaster, yet different from the definition of a natural hazard, can be caused by a
natural hazard and is a disruption to social functioning as a result of an event (Blaikie et al.
1994; Green and Petal 2008). Disaster risk reduction is the practice of reducing the impact of a
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natural hazard by actively limiting vulnerability (Green and Petal 2008). For those who study
these topics, they are a part of a culture of safety. Culture of safety focuses on reducing risk of
impact from a natural hazard before and after a disaster (Green and Petal 2008). One way to
reduce the risk of a disaster is to be more resilient. Resilience is the ability to adapt through
resistance or change in order to keep functioning at a reasonable level (Green and Petal 2008;
United Nations International Strategy for Disaster Reduction (UNISDR) 2012). Along with the
culture of safety there is a community that studies ways to increase safety from hazards. A
Hazards Community is a group of people who address multiple facets of natural disasters (Mileti
1999).
An important factor, which can cause people to be more at risk of disaster or less at risk,
is the perception of disaster. Perception of disaster is the attribution of risk to an event or
phenomenon (Plapp 2001; Ahamed 2014). People’s perception of disaster affects their disaster
response. Disaster response are activities that address direct effects, which can be caused by a
disaster (Blanchard 2008; Ahamed 2014).

1.4 The Political Environment and Approaches towards Disasters
Research dealing with the mitigation of risk has already proven to be effective. As noted,
although economic losses due to disasters have increased, the losses of life have decreased
(UNISDR 2012). The decreases in fatalities are due to the development of early warning
systems, monitoring and forecasting natural hazards, coordination, communication, and
improving preparedness (UNISDR 2012). However, not everyone responds adequately to
disasters.
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There is a cycle of disaster interest (Birkland 1996). After a disaster, the public and
policy makers rapidly become interested in disaster preparation, mitigation, and relief. Yet
shortly after, the interest in disasters and the possible responses to mitigate disaster fade fast.
This increase in interest does not occur until another disaster strikes, thus providing the cycle of
disaster interest (Birkland 1996). Although, natural disasters can be devastating, they take low
precedence until a disaster strikes again, and so on until the next one (Rossi et al. 1981; May
1985; Stallings 1995). Thus, natural disasters disappear from the agenda resulting in a lack of
further adaptation and mitigation of future disasters.
Birkland (1996) poses that more efforts from the meteorological community need to be
taken in order to mitigate the effects of weather related disasters. Through Birkland’s (1996)
study of the political environments of the hurricane and earthquake federal policy creation, the
meteorological community is not represented similarly to the earthquake community. This cycle
of disaster interest is evident in both the meteorological community and the earthquake
community. However, the earthquake community has shown more mobility in federal policy
creation. Differences between the communities exist in the interests of disaster preparation,
mitigation, and relief, which may explain the lack of mobility in the meteorological community
for federal policy creation (Birkland 1996).
Differences between these communities also exist in the structure of the committees
tasked with making policy, the testimony presented for creating policy, and the professional
communities which are most involved in making the policy (Birkland 1996). The federal
community dealing with meteorological hazards is smaller and mostly focused on forecasting
(Birkland 1996). The earthquake community is larger and focused on earth science and reducing
disasters. At the national level there is a scientific and technical community readily willing and
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present to provide expertise regarding earthquakes to the local and national governments. There
is no such program similar to the National Earthquake Hazards Reduction Program in the
meteorological community. The meteorological community is far less equipped and able to
provide expertise at the national government level (Birkland 1996).
An example of the difference between the earthquake community and the meteorological
community interests regards the testimony for creating policy (Birkland 1996). When it comes to
testimony for creating policy, earthquake testimony is related to disaster relief for event specific
testimony, while more general testimony is related to scientific and technical issues. The
earthquake community approaches more topics than just disaster relief, when the meteorological
community tends to focus on just disaster relief (Birkland 1996). Disaster relief is strictly
focused on the past, therefore slowing down mobilization on present scientific and technical
issues.
Also, meteorological issues are heard predominantly by the Senate and House public
works, while earthquake issues are heard by House, Science, Space and Technology, and Senate
Commerce, Science and Transportation committees (Birkland 1996). Finally, not only are the
communities hearing earthquake issues more equipped to deal with earthquake hazards, but there
are also differences in the parties providing the testimony regarding the phenomenon. The
technical and scientific community dominates earthquake testimony, whereas the legislative and
executive branch community dominates meteorological testimony, which is mostly concerned
with disaster relief (Birkland 1996).
Some other reasons that may exist for why the meteorological community has less
attention from congress are: there may be opposition due to fear of scientific pressures to change
land use and building codes, and the earthquake community is much more established in the
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resilience community than the meteorological community (Birkland 1996). Therefore, size and
focus of the community may contribute to the lack of mobility in the meteorological community.
Due to increasing intensity and frequency of natural hazardous events, disasters need to
be approached with a purpose of decreasing risk and increasing resilience rather than just disaster
relief (UNISDR 2012). Before the past few decades, disasters in general were only addressed
through disaster relief efforts (UNISDR 2012). However, within the past few decades, there has
been a movement towards better preparedness and response. Disaster risk reduction and
resilience is important and is becoming even more important in urban development.
There should be a basic framework for addressing disaster issues, which multitasks both
risk reduction and resilience building during urban development (UNISDR 2012). UNISDR
(2012) suggests a larger and better rounded approach to disasters. Instead of approaching the
disaster through monitoring fluid dynamic physical phenomenon, or through societal influences,
the focuses should be on urban development and the various sectors in development such as;
poverty reduction, health, education, cities, environment, and water. The UNISDR (2012)
suggests having target goals and an indicator of progress attached to those goals. This knowledge
relates to building a disaster resilient community by archiving how far the meteorological and
climatological topic has come in developmental agenda, how it could be handled, and by
demonstrating the importance of this topic in developmental agendas. Therefore, UNISDR
(2012) poses an adaptive mitigation approach, rather than a resistant approach, which just
responds and restores.
As previously stated, the occurrence of natural hazards has been increasing. Without
change of current policies, or the means in which government assess all natural hazards, risk of
potential fatalities will increase. In other words, the government needs to reprioritize how they
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assess and create policies for natural hazards, for example how the government provides more
focus on earthquakes than meteorological hazards. If there is no change in the future, risk will
increase due to environmental degradation, lack of planned and managed urbanizations
(UNISDR 2012). Therefore, vulnerability to natural hazards could be lessened by larger and
better rounded land use development strategies (UNISDR 2012).

1.5 Trends in Hazards
As natural hazards intensify, the development of urban landscapes becomes more
challenging. As more people locate to high risk areas, vulnerability and disaster exposure
increase. By reducing risks of disasters, we can help to better protect the public and economic
merit (UNISDR 2012). All over the globe 1.1 million fatalities have resulted from natural
disasters between the years 2000-2012, while 2.7 billion people have been affected by these
disasters in some way (UNISDR 2012). Over the past decade, economic loss due to natural
disasters on average is greater than $143 billion per year (Guha-Sapir et al. 2013).
There is a need for research dealing with risk reduction from natural disasters due to:
increasing natural disasters and vulnerabilities, the number of fatalities and those affected by
disasters, and the amount of economic losses. In the United States, development of early warning
systems, monitoring and forecasting natural hazards, coordination, communication, and
preparedness have led to decreases in fatalities (Birkland 1996). However, fatalities are still
occurring. There are instances where risk perception can contribute to tornado fatalities.
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1.6 Risk Perception
For an individual’s response to a tornado hazard, one of the largest factors may indeed be
risk perception (Silver 2012). Risk perception of tornadoes can be influenced either positively or
negatively by previous tornado experience. For example, risk perception could be negatively
influenced due to multiple previous false alarms causing someone to be less willing to respond,
or risk perception could be positively influenced due to recent disaster exposure causing
someone to be more willing to respond. Risk perception can also be influenced positively or
negatively by weather information access, and an individual's characteristics (Silver 2012).
However, studies are divided on whether previous experience influences risk perception (Drobot
et al. 2007; Silver 2012). Some studies do show that previous experience affects risk perceptions
(Mileti and Sorensen 1987; Hammer and Schmidlin 2002; Comstock and Mallonee 2005).
However, other studies do not show these influences (de Man and Simpson-Housley 1987; Liu et
al. 1996; Balluz et al. 2000; Donner 2007; Schmidlin et al. 2009). However, there are instances
of tornado fatalities occurring regardless of the risk perception of tornadoes. Emergency
managers are responsible for decreasing fatalities. Therefore, risk reduction research should
involve emergency managers due to their firsthand knowledge of natural hazards and how
communities respond to natural disasters.

1.7 The Role of Emergency Managers in Tornadoes
Emergency managers are extremely crucial in natural hazard situations. Not only are they
expected to be thoroughly knowledgeable of hazards and their community, they are expected to
communicate the risk to those in the community (League et al. 2010). All counties and certain
municipalities have emergency managers. When it comes to emergency management
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jurisdictions, each one has its own policy for warning the public of natural hazards. For
meteorological hazards, the NWS is expected to evaluate the threats at the regional level, while
emergency managers are expected to evaluate threats at the municipality or county level (League
et al. 2010).
In order for an emergency manager to communicate a tornado warning to their
community they must go through the following four processes: 1. Obtain the weather
information, 2. Interpret the weather information to assess the risk posed to their community, 3.
Make sure the weather information is accurate, and 4. Make tornado warning communication
decisions in a timely manner (League et al. 2010).
While assessing the tornado hazard, emergency managers communicate with trained
storm spotters, first responders (firemen and police officers), and NWS meteorologists to verify
the tornado hazard (League et al. 2010). Emergency managers must decide whether or not to
warn their communities due to issues with warning too often. They must also decide when it is
most efficient to warn their communities due to issues regarding warning too soon (League et al
2010).
Emergency managers then disseminate the warnings through a variety of techniques
(League et al. 2010). Since emergency managers are expected to understand where areas of
vulnerability lie, methods of warning dissemination will vary among jurisdictions. Methods used
to disseminate warnings are: use of sirens, cable television interruptions, emergency alert
systems, phone calls, and notifying critical institutions (League et al. 2010).
Although emergency managers assess, communicate, and disseminate warnings of
tornado disaster risk to those in the community, sometimes that is not enough. There are
instances where tornado climatological and meteorological characteristics can contribute to
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tornado fatalities. These instances of tornado fatalities can occur regardless of the
communication and dissemination of a tornado warning.

1.8 Tornado Characteristics
Tornado fatalities can be caused or exacerbated by a few different tornado characteristics.
These tornado characteristics can lead to negative or zero lead-times, differences of regional
occurrences, reduced visibility, lack of awareness, and a lack of structural security (Sims and
Baumann 1972; Simmons and Sutter 2005; Ashley 2007; Ashley et al. 2008; Brotzge and
Erickson 2009). The following subsections will discuss the frequency of tornadoes, tornado
paths, tornado EF-Scale ratings, and nocturnal tornadoes and their effects on tornado fatalities.

1.8.1 Frequency of Tornadoes
Existing literature suggests that the frequency of tornado occurrences contribute to
tornado fatalities (Brenner and Noji 1993; Schmidlin 1993; Schmidlin and Ono 1996; Schmidlin
and King 1997; Daley et al. 2005; Brotzge and Erickson 2009; Sutter and Simmons 2010;
Simmons and Sutter 2011). The higher the frequency of tornadoes the more fatalities result (Paul
and Stimers 2011). Tornado frequency can also affect tornado warning lead-times (Brotzge and
Erickson 2009). Months with single tornado days tend to show the highest percentage of
negative or zero warning lead-times (Brotzge and Erickson 2009). Tornado warnings with
negative lead-time are those warnings that were disseminated after the formation of the tornado
but prior to its dissipation (Brotzge and Erickson 2009). Zero or negative lead-time could cause
those at risk to not be prepared and aware of the tornado threat. Therefore, months with lower
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tornado frequency may indeed lead to high incidences of tornado fatality due to lack of leadtime.
Moreover, although higher frequencies of tornado occurrences result in a higher chance
of the tornado being warned, which better protects the public, higher incidences of fatalities are
resulting in these areas of higher tornado frequencies. This finding suggests that frequency of
tornado occurrence is a predictor of tornado fatality (Brenner and Noji 1993; Schmidlin 1993;
Schmidlin and Ono 1996; Schmidlin and King 1997; Daley et al. 2005; Brotzge and Erickson
2009; Sutter and Simmons 2010; Paul and Stimers 2011; Simmons and Sutter 2011). Indeed,
tornado frequencies contribute to tornado fatalities and warning lead-times. However, physical
tornado characteristics can contribute to tornado fatalities as well.

1.8.2 Tornado Paths
Some tornado characteristics that may or may not contribute to tornado fatalities are
tornado path length, width, and area. It was hypothesized in a study by Sims and Baumann
(1972), that tornado length is a measure of tornado intensity. It was hypothesized at that time that
the longer tornado paths were more violent tornadoes. In the study, it was also hypothesized that
tornado lengths were longer in the South compared to the North due to the higher incidences of
tornado fatalities in the South (Sims and Baumann 1972).
Sims and Baumann (1972) found that there are a higher percentage of short tornadoes in
Alabama compared to Illinois. The average tornado path length they found for Illinois was 15.0
km while the average tornado length in Alabama was 13.2 km. Their discussion suggests that
tornado path length (which was thought of as magnitude then) is not the cause of higher fatalities
in the South due to its shorter lengths (Sims and Baumann 1972).
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However, flaws exist in their understanding of tornado magnitude and in their methods
(Davies-Jones et al. 1973). Generalizations of the Northern and Southern regions were made
based on an insufficient number of data points (Davies-Jones et al. 1973). Therefore their results
should be considered with caution. However, Sims and Baumann (1972) claim that path length
does not predict tornado fatality and there is a lack of previous literature focusing on path length
and tornado fatalities, so it may or may not contribute to tornado fatalities. No previous literature
was found to determine if path width is a predictor of tornado fatality as well. Finally, according
to Paul and Stimers (2012), damage path area was one of the given reasons for the number of
fatalities caused in the 22 May 2011 Joplin tornado. In their study the damage path area was
determined from the NWS Central Region service assessment (Paul and Stimers 2012).
However, due to a lack of previous literature regarding path area, it also may or may not
contribute to tornado fatalities. These physical tornado path characteristics should be considered
when addressing tornado fatalities. Tornado characteristics not based on the tornado path
dimensions should also be considered, such as characteristics based on damage caused by a
tornado.

1.8.3 Tornado EF-Scale
The tornado EF-Scale is another tornado characteristic that can be considered. In order to
measure the intensity of a tornado, the EF-Scale is used. In a study done by Merrell et al. (2005),
a more intense EF-Scale by one EF-Scale rating can increase fatalities by 7-9 fold according to
their two models. How rare a tornado event is can affect the percentage of fatalities associated
with them. According to Sutter and Simmons (2010), taking tornado fatality data from 19962007, the proportion of fatalities due to EF-Scale goes in the following order from smallest

16

percentage of fatalities to largest: EF0, EF1, EF5, EF2, EF4, and EF3. The strongest of the
tornadoes, the EF5, only accounts for approximately 13% of fatalities. The largest proportion of
fatalities was about 44%, which were caused by EF3 tornadoes (Sutter and Simmons 2010).
More fatalities are related to the combination of EF0, EF1, EF2, EF3, and EF4 tornadoes
compared to EF5 tornadoes (Simmons and Sutter 2011; Simmons et al. 2012). These heightened
fatalities for lower intensity tornadoes are due to how rare EF5 tornadoes are (Simmons and
Sutter 2011; Simmons et al. 2012). However, if rare tornadoes occurred more equally with the
other tornado intensities, tornado fatalities would be greater for the stronger tornadoes on the EFScale.
It is possible this increase in fatalities can also be due to warning lead-times. According
to Brotzge and Erickson (2009), data from the years 2000-2004 shows the percentage of negative
lead-time warnings, which occurred in association with the following EF-scales: EF0- 59.5%,
EF1- 28.4%, EF2- 9.9%, EF3- 1.6%, and EF4- 0.5%. Apparently, the percentage of occurrences
of negative lead-time warnings is just as common as the percentage of positive lead-time
warnings in association with EF-Scales (Brotzge and Erickson 2009).
According to Simmons and Sutter (2011), in their model, EF-Scale was a highly
significant and a positively correlated predictor variable of tornado fatalities. Therefore, it can be
concluded that EF-Scale can be used to predict tornado fatalities. However, what about the time
of day? If there is a tornado at night when people are sleeping, how much would the EF-Scale
rating of a tornado matter if those at risk do not respond to a tornado warning? This is assuming
that those at risk during the day seek shelter.
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1.8.4. Nocturnal Tornadoes
Nocturnal tornadoes are known to increase vulnerability to tornado fatality (Simmons et
al. 2012). Nocturnal tornadoes are harder to spot and occur when the community may be
sleeping (Ashley et al. 2008). At night the public tends to be at home, which makes them more
vulnerable to tornado fatalities (Simmons and Sutter 2005; Ashley 2007). Houses are more
vulnerable to destruction from tornadoes compared to the facilities the public would be at during
the day (Simmons and Sutter 2005; Ashley 2007). In fact, Simmons et al. (2012) found that
nocturnal tornadoes result in two times the fatalities of diurnal tornadoes. Ashley et al. (2008)
also found that nocturnal tornadoes are 2.5 times more likely to result in fatality compared to its
daytime counterpart, and that 27.3% of tornadoes between the years 1950-2005 occurred at
night. Of those events that occurred, they were associated with 37.3% of the tornado fatalities,
and of all the killer tornadoes (tornadoes that cause fatalities), 42.1% were nocturnal. Nocturnal
tornadoes also occur more during the winter and early spring months which is also when tornado
fatality is at its highest (Ashley et al. 2008).
In a study by Sims and Baumann (1972), they investigated factors leading to more
tornado related fatalities in the South compared to the North. It was hypothesized that nocturnal
tornadoes occur more in the South. Their comparison of the North and South was based on five
states in the North and five states in the South. They found only a 3% difference in the number of
tornadoes, which occur at night between the North and the South. Therefore, they claim
nocturnal tornadoes are not the cause for the difference in tornado fatalities (Sims and Baumann
1972). However, Ashley et al. (2008) found the South has the larger proportion of nocturnal
tornadoes. Therefore, there are some inconsistencies regarding nocturnal tornadoes’ effects on
tornado fatalities.
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These physical vulnerabilities of tornados (frequency of tornado occurrences, the tornado
path characteristics, the EF-Scale rating, and nocturnal tornadoes) may or may not exacerbate the
number of tornado fatalities alone. They need to be taken into consideration along with social
vulnerabilities.

1.9 Demographics
Certain demographic characteristics can contribute to social vulnerability to tornado
fatality. These demographic characteristics can lead to higher incidences of tornado fatalities,
higher perceptions of risk, more psychological impacts, less control, less power, differing levels
of preparedness, lack of inclusion in risk communication, isolation, lack of ability to receive
warning information, fear, distrust, differences in opportunities, differences in relationships, lack
of structural security, and a lack of resources (Turner et al. 1986; Rubin and Popkin 1990; Bolin
and Standford 1993; Edwards 1993; Faupel and Styles 1993; Peacock 2003; Fothergill and Peek
2004; Sutter and Simmons 2010; Burke et al. 2012; Chaney et al. 2012; Paul and Stimers 2012).
The following subsections will discuss population density, household income, age,
race/ethnicity, immigration, gender and their effects on tornado fatalities.

1.9.1 Population Density
Higher population densities have been found to result in higher fatalities (Paul and
Stimers 2012). In a study done by Borden et al. (2007), comparing vulnerabilities of different
regions, they found that the varying degrees of social vulnerability among the differing regions
were due to ethnic or racial concentrations, age, and population growth in the Southern urban
areas. They also found that overall vulnerability is higher in the Northeastern United States due
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to its larger population size and higher density of the urban built environment (Borden et al.
2007). According to Borden et al.’s (2007) vulnerability index, Las Vegas, Nevada is one of the
most socially vulnerable cities to a hazard. Las Vegas, Nevada’s social vulnerability was due to
its rapid population growth. They also found that smaller cities were less vulnerable than larger
cities (Borden et al. 2007).
These differences in vulnerability indicate that larger populations lead to increased
vulnerability and risk of fatality (Borden et al. 2007; Paul and Stimers 2012). Often times
population densities are higher in areas of lower household incomes (Sutter and Simmons 2010;
Paul and Stimers 2012). This suggests that household income may help predict tornado fatalities
as well.

1.9.2 Household Income
Disasters do not affect everyone equally (Fothergill and Peek 2004). Socio-economic and
locational factors can cause people to be more vulnerable to disasters. Sociological studies
suggest that a person’s location in the social strata determines what opportunities, relationships,
life experiences, and life chances a person will have. Thus, demographic and locational factors
need to be considered when approaching hazards (Fothergill and Peek 2004).
Studies done on higher income levels have shown higher levels of preparedness among
higher income individuals (Fothergill and Peek 2004). Whereas, studies show that lower-income
individuals have higher perceptions of risk, suffer more psychological impacts, have less control
over their lives, and are less powerful (Bolin and Standford 1993; Fothergill and Peek 2004).
In fact, in some extreme poverty cases people live in unmarked homes and on unmapped
roads (Fothergill and Peek 2004). This can cause emergency response workers to be unaware of
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the levels of poverty which exists in their area (Rubin and Popkin 1990). Therefore, those in
poverty may suffer from a lack of inclusion in risk communication. Rubin and Popkin (1990)
found that many of their victims, due to extreme poverty, were highly illiterate, fearful and
distrustful of government officials, and are isolated in rural communities.
Biddle (2007) and Paul and Stimers (2012) found that lower income is associated with
higher fatality rates. This could be due to those of lower incomes having less access to tornado
warnings (Chaney et al. 2012). Lower income individuals are also more likely to own or rent an
old home, which might not have a safe room or basement to seek shelter in (Paul and Stimers
2012). Also, those of lower income levels are more likely to live in mobile homes, which lack
structural stability (Sutter and Simmons 2010). Lack of inclusion in risk communication and the
lack of trust in the providers of that risk communication, if obtained place those in poverty at a
disadvantage during a tornado. These previously stated characteristics are just a few that places
those in poverty at a higher level of vulnerability for tornado fatality.

1.9.3 Age
Being elderly can also contribute to a fatality. Schmidlin and King (1995), Biddle (2007),
and Paul and Stimers (2012) found that being elderly (over the age of 65) was associated with
higher fatality rates. These higher fatality rates of elderly may be due to lack of response to the
hazard. In fact, Friedsam (1961) found that elderly are less likely to respond to tornado warnings.
This may be due to mobility-limiting diseases, isolated living arrangements, disability, and an
unwillingness to take action (Friedsam 1961). Being less likely to respond may be why the
relationship between the elderly and the fatality rates exist. Therefore, age is important to explore
when considering tornado fatalities.
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1.9.4 Race/Ethnicity
Minorities are more likely to feel they are less prepared for a hazard (Burke et. al 2012).
Regarding race, studies suggests that Whites are more likely to prepare for a hazard compared to
their minority counterparts (Turner et al. 1986; Edwards 1993; Faupel and Styles 1993).
However, there are inconsistencies in the literature regarding race/ethnicity’s effects on
vulnerability. In Peacock’s (2003) study, they found Whites and Hispanics were both equally
more likely to prepare for a hazard compared to Blacks. Nevertheless Lindell and Prater (2000)
and Nguyen et al. (2006) did not find any relationship between race/ethnicity and preparedness.
These inconsistencies suggest a need for more research regarding race/ethnicity’s role in
vulnerability. If race/ethnicity may indicate higher vulnerability, then immigration may as well.

1.9.5 Immigration
According to Burke et al. (2012), approximately 3-12 million migrant and seasonal farm
workers live in the United States. However, conducting research on migrant and seasonal farm
workers can be difficult due to lack of documentation and anti-immigrant legislation. A large
proportion of these migrant workers are Latino (Burke et al. 2012). In past studies done by Bolin
and Standford (1993) and Eisenman et al. (2006), they found that immigrants who have
experienced disasters in the past were more likely to prepare for a future disaster. Preparation is
crucial for these migrant and seasonal farm workers due to their overlapping vulnerability of
lower economic income status (Burke et al. 2012). Thus, by preparing they would be reducing
their vulnerability and risk of disaster. Preparing for disaster is very important to the migrant and
seasonal farm worker, due to their main motivational factor being family. For these groups, in
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the Burke et al. (2012) study, their biggest fear of impact from a disaster was losing a family
member.
However, these migrant and seasonal farm workers felt that there were barriers regarding
preparing for a disaster (Burke et al. 2012). Barriers they felt existed were the availability of
resources, differences in language, and lack of received hazard information to make appropriate
response decisions. Although these groups felt barriers exist for their preparation prior to
disasters, they did feel positive about the government and non-governmental response post
disaster. Migrant and seasonal farm workers also felt they would seek aid following a disaster if
needed (Burke et al. 2012).
Nevertheless, there is conflicting evidence in the literature regarding past disaster
experience and its impact on immigrant and migrant perceptions of their need to prepare. Burke
et al. (2012) found that immigrants with past experience in wars and conflict at their home
country felt they did not need to make preparations for disaster because they feel America is safe
in comparison. Therefore, Burke et al. (2012) suggests that migrant and seasonal farm workers
are not prepared for natural disasters. These findings may suggest that these groups are more
vulnerable to tornado fatality, similar to the findings in the Paul and Stimers (2012) study. In the
Paul and Stimers (2012) study they found that immigration status is associated with tornado
fatality rates. Therefore, immigration status needs to be studied further to fill inconsistencies that
exist. Another demographic variable which has inconsistent findings regarding its effect on risk
is gender.
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1.9.6 Gender
Study results are mixed when it comes to gender's effect on preparedness (NOAA/NSF
2012). Some studies suggest gender has no effect on preparedness (Eisenman et al. 2006;
Nguyen et al. 2006; Spittal et al. 2006; Lindell and Hwang 2008). For example, in Silver (2012),
gender did not prove to be correlated with improved protective action against hazards. However,
Mileti and Fitzpatrick (1992) and Mileti and Darlington (1997) share mixed results when
addressing gender and preparedness.
Other studies suggest that gender does affect preparedness (Fothergill 1996; Fothergill
1998; Lindell and Prater 2000; Sherman-Morris 2005; Sherman-Morris 2010). In fact, Stewart
(2006) found that women feel more weather salience than men, meaning they are more likely to
seek weather information, it affects their moods more, they are more likely to sense or observe
weather, they have more attachments to certain weather types, they feel the need for a variety of
weather, they are more interested in holiday related weather, and they feel weather affects their
lives more. Being more weather salient could potentially result in more protective actions. Also,
Sherman-Morris (2005, 2010) found that gender was related to improved protective action
decision-making regarding hazards. It may not necessarily be that one gender prepares while
another does not, it may be that males and females take different actions in preparing for a
hazard (Fothergill 1996; Fothergill 1998). Or it may be that one gender does not prepare as much
as another. In a study done by Lindell and Prater (2002), women were found to be less likely to
mitigate and/or prepare for hazards.
With these inconsistencies, it is important for gender to be included in studies dealing
with disasters. However, that is not to say that variables with consistent findings are not worth
studying. Research findings involving education’s effect on response to hazards are mostly
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consistent. Nevertheless, education is dynamic since technology and accessibility to information
is always changing. Therefore, education is important to consider when studying disasters even
though the findings are mostly consistent.

1.9.7 Education
Education has been found to influence hazard preparedness. Balluz et al. (2000) found
that education contributed to shelter seeking behavior prior to a tornado. In their study people
were more likely to respond to a tornado warning if they had at least a high school education
(Balluz et al. 2000). However, Chaney et al. (2012) found that those with less education are less
likely to have access to warning information. Therefore, education and its effect on hazard
preparedness are important to consider when dealing with at risk communities.
Although, the demographic variables such as population density, household income, age,
race/ethnicity, immigration, gender, and education may or may not indeed exacerbate the number
of tornado fatalities, these vulnerabilities are not the only vulnerabilities that increase one’s risk
of tornado fatality. There are instances where someone may respond to a tornado threat, but
tornado fatality can occur regardless of the response. Vulnerabilities due to housing types and
housing characteristics can also increase one’s risk of tornado fatality.

1.10 Housing Types and Characteristics
Housing types and characteristics can contribute to the structural vulnerability to tornado
fatality. These housing types and characteristics can lead to higher incidences of tornado
fatalities. The following section will discuss the incidence of substandard housing, differing
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abilities of housing to withstand tornadoes, and previous ideas and recent findings on the effects
of different housing types on tornado fatalities.
In an article by Harman and Hook (1956), they found that there are greater frequencies of
substandard housing in the South versus the North. According to Flora (1954), this incidence of
heightened substandard housing in the South explains the higher rates of tornado fatality
compared to the North due to substandard housing not being built as sturdily. However, Bigler
(1960) suggests that substandard housing fairs better in a tornado compared to the masonry
buildings in the North due to substandard housing sustaining less damage from tornado winds
and pressure than masonry housing. Similarly, Sims and Baumann (1972) mention a study done
by Fujita (1970) which demonstrated a photograph of three adjacent buildings differing in
structural strength in the path of a tornado. Of the three buildings, the weakest, the wooden shack
sustained the least damage. Whereas, the frame house sustained more damage, and the block
church was near 90% destroyed (Fujita 1970). Sims and Baumann (1972) draw conclusions from
the previous articles and claims that the quality of the housing is not the cause for a difference in
tornado fatalities. However, Sims and Baumann’s (1972) conclusions do not still stand when
considering more recent studies on housing and tornadoes.
According to Schmidlin and King (1995), Legates and Biddle (1999), Daley et al. (2005),
and Biddle (2007), living in a mobile home is associated with higher rates of fatality to
tornadoes. Those who are disabled also have higher fatality rates (Biddle 2007). The disabled
communities are mentioned here since those with disabilities are more likely to live in a mobile
home (Cooper et al. 2011).
Residence in mobile homes has been linked to 43% of all tornado fatalities since the year
1996 (Simmons et al. 2012). In the abnormal year of 2011, 20% of fatalities occurred in mobile
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homes (Simmons et al. 2012). Mobile homes are 10 times more likely than permanent homes to
result in fatality when considering data from 1996-2007 (Simmons and Sutter 2010). This
incidence of fatalities is an issue since mobile homes in the United States account for 6.8% of all
housing (U.S. Census Bureau 2013). Other studies have found similar results (Brooks and
Doswell 2002; Brown et al. 2002; Daley et al. 2005; Simmons and Sutter 2006; Ashley 2007,
Schmidlin et al. 2009; Chaney and Weaver 2010). Kusenbach et al. (2010) found that their study
participants who lived in mobile homes lacked knowledge and a sense of concern about their
own personal risks and their vulnerability to hazards. The participants lacked a responsibility for
the protection of themselves and others (Kusenbach et al. 2010).
People in permanent homes can also succumb to tornado fatality. Between the years of
1985-2007, 31% of tornado fatalities have been associated with residency in permanent houses
(Paul and Stimers 2012). Older homes specifically, are less likely to have anchored walls to their
foundation. These older permanent homes and generally homes without basements have higher
rates of fatalities (Paul and Stimers 2012). People living in apartment complexes also run a
higher risk of fatality compared to permanent homes (Brown et al. 2002).
When looking at differences in fatalities of housing types and varying tornado intensities
there is a significant difference in fatalities between mobile homes and permanent homes for
EF1, EF2, and EF3 tornadoes (Sutter and Simmons 2010). Being in a mobile home during these
tornadoes could be potentially deadly. However, differences in fatalities between different
housing types no longer significantly vary when tornadoes are of EF4 and EF5 strength (Sutter
and Simmons 2010). This could be due to the sheer intensity of the tornado and the inability of
any structure being able to withstand it.
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Although homes provide us shelter from other elements such as rain, sunlight, and
unbearable temperatures, sometimes that is not enough. There are instances where tornado
fatalities can even occur regardless of the structural strength of the home if the tornado is intense
enough. Vulnerabilities due to religious beliefs may also increase one’s risk of tornado fatality.

1.11 Cultural Beliefs
There is a lack of studies dealing with cultural beliefs and their effects on tornado
fatalities. However, of the studies included, cultural beliefs could possibly result in either a
fatality, meaning no protective actions are taken, or increased preparatory measures. This section
will discuss the varying degrees of the external locus of control within religion, differing levels
of trust which may correlate with these differences in religion, different responses to tornadoes
with varying religions, myths related to differing geographic areas, and how differing religious
views affect responses to hazards.
The Sims and Baumann (1972) study approached this topic to some degree by looking at
the external locus of control. The external locus of control is defined as the perception one has
that their life is controlled by outside forces. For their study, there was a difference in the amount
people believed God plays a role in their lives. The sample from Alabama seemed to believe God
was more actively present in their lives compared to the sample in Illinois. The study also
indicates that 30% of the sample from Illinois believes God is a protective force but does not
interfere in their lives, while 8% of the Alabamians believed that statement. The Alabamians put
more belief in external forces controlling their lives. However, they preferred to use their own
senses to inform themselves of tornado risk. The study suggests the sample from Alabama
expresses more fatalism, reduced trust in warnings, and passivity. Contrasting the sample from
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Alabama is the Illinois sample. Illinoisans preferred use of media to inform themselves, 46% of
Illinoisans accepted technology and scientific explanations (Sims and Baumann 1972).
When it came to questions on experience with tornadoes, the sample from Illinois had
more action-oriented responses, while the Alabama sample were more passive (Sims and
Baumann 1972). Sims and Baumann (1972) suggest that these differing views within religion
explain the differences in tornado fatalities between the North and South. However, for purposes
of this paper it is acknowledged that their sample sizes were not large enough to represent the
views of whole regions let alone states. Therefore, Sims and Baumann’s (1972) conclusions
drawn are only considered viable for the samples they used for their study.
Myths may also be associated with certain regions. According to a study done by
Hoffman (2013), his respondents believed the myth that tornadoes are less likely to occur in
mountainous areas. This myth could result in a fatality due to a false sense of security. Hoffman
(2013) also found that people believe that tornadoes are most likely to occur in the region that
they live. This myth may provide a heightened sense of threat, thus possibly resulting in a person
taking more action. These differing myths can potentially lead to both a tornado fatality and a
saved life through mitigation.
This external locus of control represented by the sample from Alabama discussed in the
Sims and Baumann (1972) article, or the myth that tornadoes are less likely to occur in
mountainous areas as seen in Hoffman (2013), can contribute to a tornado fatality by reducing
one’s willingness to respond to the threat of the hazard. However, cultural beliefs can also
produce mitigation efforts to reduce risk, as can be seen in Chester et al. (2008), thus potentially
contributing to saving lives. For example, religious beliefs have been tied to Mt. Edna which has
prompted both miraculous interventions (placing Saint’s statues in front of lava flows) and
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evacuation by many religious followers (Chester et al. 2008). Therefore, religious beliefs can
potentially lend itself to both a tornado fatality and a saved life. Region of residence may also
lead to higher fatality rates, as Sims and Baumann (1972) claim.

1.12 Region
Although there have been many studies dealing with tornadoes, prior to 2007, few studies
focused on the spatial distribution of fatalities resulting from tornadoes (Ashley 2007). The issue
is that past studies which do use tornado fatalities would combine them with tornado injuries to
more broadly study tornadoes, they limited the specific intensities of tornadoes, they disregard
spatial distributions of tornadoes in statistical analyses, and focus on very specific states for
analyses (Ashley 2007). More recently, authors have tried to bridge this gap. This section
focuses on the geographic distributions of tornado fatalities, and the distribution of other
potential predictors of tornado fatalities.
According to Simmons et al. (2012), the majority of tornado fatalities in 2011 occurred in
the Southeastern portion of the United States, up to 25% more than in other regions. In the
Southeast there were disproportionately high percentages of fatalities associated with the
presence of mobile homes (58%), and nocturnal tornadoes between midnight-6 am (13%) from
1997-2007 (Sutter and Simmons 2010). These previously discussed compounding variables may
help explain this high occurrence of tornado fatalities in the Southeastern United States. In the
Great Plains, population centers tend to be widely dispersed (Stimers 2011). This may explain
the smaller number of tornado fatalities in the Great Plains. In the Midwest and in the South a
larger number of older people have been moving into mobile homes (George and Bylund 2002).
That may explain the disproportionately higher incidences of tornado fatality in the Southeast.
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Therefore, region may or may not help predict tornado fatalities. Rural and urban landscapes
may also help predict tornado fatality.

1.13 Rural vs. Urban
Now governments are beginning to realize the importance of risk reduction and resilience
building in creating and maintaining sustainable development (UNISDR 2012). The impacts of
hazards are dependent on the quality and amount of development. The more development, the
more potential risk of disaster there is. Also, the better the quality of the development the smaller
the vulnerability is to a hazard (UNISDR 2012). Therefore, urban development has more
potential risk of disaster. However, the quality of the urban development may decrease
vulnerability. These categories may or may not help explain tornado fatalities, but they certainly
do help explain potential casualty which is the potential number of tornado fatalities (Sims and
Baumann 1972).

1.14 Potential Casualty (PotCas)
According to Sims and Baumann (1972), actual tornado fatalities and Sadowski’s (1965)
geographic distribution of potential casualties do not coincide. The idea of potential casualties
allows for each county, in each state, to have an equal chance of fatality by controlling for the
physical component (tornado path area) of the tornado fatality (Eq. 1). However, it is very well
possible that a county can have a smaller or larger tornado path area than the assumed average
path area used in the potential casualty equation. Potential casualty is dependent only on the
number of tornado occurrences, and population density. This calculation assumes that each area
would have an equally distributed population. This calculation also allows us to see what
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ultimate number of fatalities could occur from a tornado in an area if tornado path area was the
same and if populations were perfectly distributed. Potential casualty controls for physical,
social, and cultural differences between counties (Sims and Baumann 1972). In a perfect world
potential casualty would predict actual casualty, however this is not a perfect world. The
difference between the actual casualty and potential causality can be found in the Tornado Death
Index.

(Eq. 1)
Where;
Ta = Average area of all Tornadoes in the U.S. over all time periods,
t = Number of Tornadoes per county,
A = Area of County in sq. km,
P = Population of county.

1.15 Tornado Death Index (TDI)
The Tornado Death Index (TDI) (Eq. 2, 3) is an index which measures how much
potential casualties and actual casualties are in agreement (Sims and Baumann 1972). Between
the years 1953-1964, distinct differences in the TDI were evident. Larger TDI’s were given to
those areas in the South. A larger TDI indicates when actual casualties approach potential. In the
case of the Sims and Baumann (1972) study, there were no TDI’s that were larger than 67.36.
However, it is possible for TDI’s to equal 1, which would mean actual casualties and potential
are the same. It is also possible that a TDI can be even larger than 1 in extreme events. A TDI
greater than 1 would only occur in cases where the average area of the tornado path was smaller
than the actual tornado path area and in cases where populations are not equally distributed
across geographic space (Sims and Baumann 1972).
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[

] (Eq. 2)

(Eq. 3)

Ta is the average area of a tornado for the entire dataset,
and P is the population of the county per the time period.

There appears to be no use of the TDI since the Sims and Baumann (1972) study. This
lack of use of the TDI may be due to the incorrect display of the second TDI formula in the Sims
and Baumann (1972) paper (Eq. 4). The equation (Eq. 4) is missing the Ta variable from the
potential casualty equation (Eq. 1). The corrected detailed formula can be seen in Equation 3.
The reason for the incorrect display of the detailed formula in the Sims and Baumann (1972)
paper is unknown, and there is no known paper that has corrected that formula until this thesis.

(Eq. 4)

and P is the population of the county per the time period.
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1.16 Summary and Implications
As mentioned, of the studies that exists, findings suggest that women feel more weather
salience than men, potential casualties do not necessarily predict actual casualties, and region of
residence is a significant predictor of tornado fatalities, in some cases even when the tornado
climatology of the areas are similar (Sims and Baumann 1972; Stewart 2006).
There have been collaborative efforts within the fields of meteorology and the social
sciences to understand tornadoes, and the people vulnerable to them. This project continues these
efforts to investigate direct tornado fatalities in counties across the Midwestern and Southern
United States. The counties of particular interest were rural and urban counties which have had
direct tornado fatalities in the Midwest and Southern regions.
A gap between the meteorological or emergency management communities and the
general public still exists. Thus, there is still room for research exploring this gap. There is a
need for research dealing with risk reduction from natural disasters due to: increasing natural
disasters and vulnerabilities, the number of fatalities and those affected by disasters, and the
amount of economic losses. Emergency managers are responsible for protecting the public and
reducing the risk of disaster (League et al. 2010).
As mentioned, an important factor, which can cause people to be more at risk of disaster
or less at risk, is the perception of disaster. People’s perception of disaster affects their disaster
response (Ahamed 2014). There are instances where risk perception can contribute to tornado
fatalities. These instances of tornado fatalities can occur regardless of the communication and
dissemination of a tornado warning. Since emergency managers have firsthand knowledge of
how their communities respond to natural disasters risk reduction, research should involve
emergency managers. Risk perception can be hard to gauge based on quantitative research alone
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and very few studies incorporate qualitative methods when studying tornado fatalities. More
qualitative studies are needed to further examine differences in tornado fatalities.
Also, with inconsistent or incomplete findings regarding physical tornado path
characteristics, nocturnal tornadoes, race/ethnicity, immigration status, gender, cultural beliefs,
region, degree of urban development, and potential casualty’s effects on tornado fatalities, it is
important for these variables to be included in studies dealing with disasters. However, that is not
to say that variables with consistent findings are not worth studying. Research findings involving
frequency of tornado occurrences, EF-Scale, population density, household income, age,
education, and housing types and characteristics effects on tornado fatalities are mostly
consistent. Nevertheless, variables are dynamic since technology and accessibility to information
is always changing. Therefore, these mostly consistent variables are important to consider also
when studying disasters.
Finally, there have been distinct differences in the TDIs of differing regions in the past
(Sims and Baumann 1972). However, there appears to be no use of the TDI as a response
variable or outside of the Sims and Baumann (1972) study. Therefore, TDI needs to be studied
further and used as a response variable.

1.17. Statement of Research
Not everyone responds adequately to tornado warnings. Those who respond to tornado
risks by seeking a safer location may not survive or may incur injuries, but their chances of
avoiding fatality or injury is greater than for those who fail to protect themselves. Certain areas
and people seem to be more prone to tornado fatality compared to others. Fatalities and injuries
related to tornadoes are something we often hear about each year on the news. Just as there are
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many factors involved in producing a tornado risk day, decisions regarding a response to a
tornado warning are not simply black and white either, they too are complex. What other than
physical issues are affecting these fatality rates? We need to explore these factors, test solutions,
and begin moving forward and adapt. However, there will not be one solution.
This study fits into the broader field of Weather and Society Integrated Studies
(WAS*IS), and Hazard and Vulnerability research. The American Meteorological Society
(AMS) has put out a professional guideline statement discussing their goal for more research in
the areas of weather disasters and those affected by them (AMS Council 2014). The NWS also
tries to reduce fatalities due to severe weather by improving forecasts and community
engagement. The results of the project contribute to the AMS and NWS goals by broadening the
knowledge of tornado vulnerability.
Bridging the gap between scientists and the public when it comes to communicating and
understanding responses to natural disasters is important. Understanding the stakeholders in the
community, culture, governance, demographics, economy, structure, and climatology of an area
are also important for protecting against tornado fatality. This study is of value because it better
develops the knowledge regarding predictors of tornado fatalities, possible causes, and
vulnerability. Potentially, this study can be one of many precursors of public policy influences,
changes in forecasted watches and warnings, and contributing to saving lives.

1.18. Study Objectives and Research Questions
The purpose of this study is to model and determine significant predictors of tornado
death index values, and to investigate these significant predictors and what makes people
vulnerable to tornado fatalities through expert interviews. This study also provides an
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understanding of the study participant’s perceptions of their county’s vulnerability to tornado
fatality and demonstrates a true integration of methods and fields by studying geographic,
meteorological, and sociological phenomena by use of quantitative and qualitative methods. This
study investigates the perceptions held by an emergency manager of an urban county in the
South regarding his community’s overall risk of a tornado disaster, who the vulnerable groups
are, the challenges to those vulnerable groups, and ways to approach those vulnerable groups
during tornado warnings.
Much has been written discussing social characteristics such as population density,
race/ethnicity, class, age, education level, and housing, and we do know a good amount about
these issues with respect to their effects on tornado preparedness and fatalities. However, less is
known about how region of living, rural vs. urban landscapes, and how cultural beliefs may
affect preparedness and the number of tornado fatalities. As we come further in weather event
forecasting, fatality rates have declined. However, confidence in NWS forecasted watches and
warnings do not reflect these improvements at the same rate. This issue introduces the research
questions:
What physical and societal characteristics predict tornado death index values? What leads
to higher tornado death index values? What does a vulnerable community look like in the
face of a tornado? And how do these hypothetically vulnerable communities differ among
varying populations and regions?
More specifically,


What tornado characteristic variables are significant predictors of tornado
death index values?
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What demographic variables are significant predictors of tornado death index
values?



What housing type and characteristic variables are significant predictors of
tornado death index values?



What religious demographic variables are significant predictors of tornado
death index values?



What regions are significant predictors of tornado death index values?



What rural vs. urban variables are significant predictors of tornado death index
values?



Is potential casualty a significant predictor of tornado death index values?

For this study, the following will be hypothesized: TDIs are significantly predicted by
tornado frequency, EF-Scale rating, average coded nocturnal tornadoes, population density,
median household income, percent of an income group under $25,000, median age, percent of an
age group 65 and over, percent in an age group under 20, percent Black, percent Hispanic,
household density, percent in group quarters, percent renter population, percent in renter
occupied housing units, percent of people per size household, percent foreign born, percent
female, education level, percent of religious adherents, region, percent born in the Northeast,
percent born in the Midwest, percent born in the South percentage, percent born in the West,
percent rural population, and percent rural housing units. This study also hypothesized that
differences exist in the vulnerabilities and perceived risks in differing regions and between urban
and rural counties. It was also hypothesized that the more vulnerable populations of the counties
share the hypothesized demographic influencing traits. Finally, it was hypothesized that certain
cultural beliefs have been present in the communities where tornado fatalities have occurred.
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The following sections in this paper will address the methods used to analyze these issues
(Chapter two), the results of the quantitative and qualitative analyses (Chapter three), a
discussion (Chapter four) and conclusions (Chapter five).

39

Chapter 2. Research Methods and Data
The study consists of 2 parts: 1) A quantitative exploration of variables hypothesized to
predict Tornado Death Index values, 2) A qualitative investigation to further understand what
leads to higher tornado fatalities. Many studies conducted so far have dealt with creating a
model of predictors for tornado fatalities and injuries. Studies dealing with society and tornadoes
lack qualitative methods, specifically the use of interviews. This study takes advantage of both
quantitative and qualitative methods. Using this mixed methods approach allows for a greater
understanding of what leads to higher fatality rates in areas of lower potential casualty. This is
exploratory and qualitative research. Results include ideas that extend the understanding of
meteorological and societal interactions regarding tornadoes.

2.1 Study Area
Approximately 90% of all global tornado activity occurs in the United States (Grazulis
2001; Silver 2012). As a result of this tornado activity, approximately 1,100 non-fatal injuries
and 50-60 fatalities happen per year in the United States, whereas in the United States, 800-1,400
tornadoes get reported each year (Comstock and Mallonee 2005; Ashley 2007; Simmons et al.
2012). Tornadoes have taken place in all 50 states including Hawaii and Alaska (Ashley 2007).
Tornadoes are most common in Texas, Kansas, and Oklahoma (Simmons and Sutter 2011).
Tornado warning occurrences happen the most in Colorado, Florida, and Texas (Black and
Ashley 2011). The NWS tornado day occurrence per year, between 1980 and 1999, is highest
over the plains and central Florida whereas, the highest incidence of EF4 or greater tornado days
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per millennium, between 1921 and 1995, is located over Oklahoma (Doswell 2003). For tornado
reports, they occur more frequently than tornado warnings in the West, the upper Midwest, and
the Northeast (Black and Ashley 2011). Tornado reports are information about tornadoes that the
NWS receives and disseminates to the National Climatic Data Center (NCDC) from a variety of
sources, such as: emergency managers, storm spotters, NWS damage surveys, and the general
public (NCDC 2015).
The areas of interest in this study are the Midwest and Southern U.S. Census regions. The
study area consists of 903 counties (Figure 1 (see page 42)). These counties are the only counties
in which tornado fatalities occurred during the study period of 1950-2014. In the Midwest, a total
of 355 counties were included. In the South, the 904 included counties had tornado fatalities
during the study period.
Physically, in the Midwest there is a lack of forest cover in comparison to the South and
an increased visibility of tornadoes due to the time and seasonality of them (Ashley 2007). This
increased visibility compared to other regions allows for a high incidence of reported tornadoes
in the Midwest (Black and Ashley 2011). In the upper-Midwest (IA, MN, WI), tornado fatalities
peak between May and July (Ashley 2007). For the Corn Belt (IL, IN, OH), tornado fatalities
peak between February and April (Ashley 2007).
The physicality of the majority of the South consists of forested, hilly terrain, with a
higher occurrence/percentage of low level humidity compared to other regions (Black and
Ashley 2011). All of these physical characteristics can lead to reduced visibility which helps
explain lower numbers of tornado reports in the South. A large number of tornadoes frequently
affect the South. The tornado season in the South is less defined. Tornadoes tend to occur during
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Figure 1.Counties included in the study which have incurred tornado fatalities in the Midwest and Southern Regions
(counties in black) between 1950-2014.

the cooler and transitional seasons (Black and Ashley 2011). The peak in tornado occurrences for
the South is between March and May (Ashley 2007).
When considering social characteristics, there are higher population densities, higher
occurrences of poverty, and higher incidences of mobile homes in the South compared to the
Midwest (Black and Ashley 2011). There are also higher percentages of weak framed and mobile
homes in the South. In the interior South, higher incidences of tornado fatalities and killer
tornado events occurred between 1880-2005 (Table 2). When considering unwarned tornado
fatalities, the most occur in the Southern region between the years 1986-2007 (Table 3).
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However, the actual numbers of unwarned tornadoes is smaller in the South compared to other
regions. Also, when considering the percentage of unwarned tornado fatalities there is a higher
percentage of unwarned fatalities in the Midwest compared to the South. In the mid-South,
tornado warnings occur more than tornado reports (Black and Ashley 2011). More nocturnal
tornadoes have been noted to exist in the mid-South (Ashley et. al 2008; Black and Ashley
2011). The South also has higher incidences of nocturnal killer tornados, as well as the highest
percentage of nocturnal tornado fatalities (Ashley 2007). Finally, besides for tornado fatalities,
non-tornadic wind fatalities are also common in the South (Black and Ashley 2011).

Table 2. Tornado fatalities and killer tornadoes per region (1880-2005).
Region
Fatalities
Killer Tornadoes
Midwest
6,661
1,272
South
11,628
2,284
Adapted from: Ashley, W. S., 2007: Spatial and temporal analysis of tornado fatalities in the United States: 1880–
2005. Weather and Forecasting, 22, 1214–1228.

Table 3. Warned and unwarned tornado fatalities per region (1986-2007).
Percentage of
Unwarned
Tornadoes
Midwest
261
197
64
24.5
South
838
651
187
22.3
Adapted from : Black, A. W., and W. S. Ashley, 2011: The relationship between tornadic and nontornadic
convective wind fatalities and warnings. Weather, Climate, and Society, 3, 31-47.
Region

Fatalities

Warned Tornado
Fatalities

Unwarned Tornado
Fatalities

2.2 Data Collection
This study makes use of both quantitative and qualitative data collection methods. The
data collection for the first part of the study, the quantitative portion involves the use of various
sources for data, the division of the data according to sub-study periods, the use of ArcMap 10.2
and Microsoft Excel to create, convert, calculate and prepare data. The data collections for the
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second portion of the study, the qualitative portions involves the creation of the interview
schedule, the identification of potential participants, the recruitment of participants, and the
audio-recording and transcription of the interview.

2.2.1 Quantitative Data Collection
For the purposes of this study, responding to tornado risks cannot be considered a
predictor variable since there is no such data available for each of the tornadoes. However,
population density, household income, age, race/ethnicity, immigration, gender, education,
housing types and characteristics, cultural beliefs, region, and rural characteristics are included
which can show if there are social and cultural differences among the tornado related fatalities.
Besides for demographic and spatial data, the study also includes the percentage of nocturnal
tornadoes, the tornado characteristics, and potential casualty data (Table 4 (see page 45)). The
sources of the data come from the NCDC (2015), Minnesota Population Center (MPC) (2015),
and Grammich et al. (2012) (Table 5 (see page 46)). It is acknowledged that Storm Data from the
NCDC should be used with caution. Caution should be taken due to difficulties with collecting
the type of data that is in Storm Data (Curran et al. 2000; Trapp et al. 2006). In fact, it was found
that lightning fatalities were underreported by approximately 30% between 1977-2004 (Ashley
and Gilson 2009). Regardless of the limitations associated with Storm Data, it is still the most
common dataset used currently, and therefore utilized in this study (Black and Ashley 2011).
This study was broken up into the following sub-study periods: 1950-1954, 1955-1964,
1965-1974, 1975-1984, 1985-1994, 1995-2004, and 2005-2014. These time periods are chosen
since the demographic and housing types and characteristics change throughout the period of
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Table 4. The variable categories and their variables.
Independent Variable Categories:
Variables:
Tornado Death Index (Dependent
Median TDI
Variable)
Tornado Characteristics
Median tornado frequency, Median average tornado length,
Median average tornado width, Median average tornado area,
Median average EF-Scale, Median average percent nocturnal
coded
Population Density
Median population density
Household Income
Median median household income, Median % of people with a
household income less than 10k, Median % of people with a
household income 10k-14.9k, Median % of people with a
household income 15k-24.9k, Median % of people with a
household income of 25k or more
Age
Median median age, Median % of persons under 5, Median % of
persons 5-9, Median % of persons 10-14, Median % of persons
15-19, Median % of persons 20-24, Median % of persons 25-29,
Median % of persons 30-34, Median % of persons 35-44, Median
% of persons 45-54, Median % of persons 55-59, Median % of
persons 60-64, Median % of persons 65-74, Median % of persons
75-84, Median % of persons 85 or older
Race/Ethnicity
Median % Black, Median % Hispanic
Immigration
Median % foreign born
Gender
Median % female
Education
Median % of people 25 and over with less than a 9th grade
education, Median % of people 25 and over with 9th grade
education to some college, Median % of people 25 and over with
a Bachelor's degree or higher
Housing Types and Characteristics
Median household density, Median % in group quarters, Median
% of population in renter occupied housing units, Median % of
renter occupied housing units, Median % of 1 person housing
units, Median % of 2 person housing units, Median % of 3 person
housing units, Median % of 4 person housing units, Median % of
5 person housing units, Median % of 6 person or more housing
units
Cultural Beliefs
Median % adherents
Region
Region, Median % born in Northeast, Median % born in Midwest,
Median % born in South, Median % born in West, Median % born
in state
Rural vs. Urban
Median % of rural population, Median % of rural housing units
Potential Casualty
Median potential casualty

1950-2014. An example of how the population data will be applied for these different periods is
as follows: the 1970 census is used for tornadoes between 1965 and 1974.
For the quantitative exploration of variables the study considered the Tornado Death
Index for all counties in the Midwest and Southern regions of the United States that incurred
tornado fatalities during the study period of 1950-2014. Using data from the NCDC, tornado
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Table 5. The variable categories and their data sources.
Variable Areas:
Tornado Death Index (Dependent Variable)
Tornado Characteristics
Population Density
Household Income
Age
Race/Ethnicity
Immigration
Gender
Education
Housing Types and Characteristics
Cultural Beliefs

Region
Rural vs. Urban
Potential Casualty

Data Sources:
MPC 2015, NCDC 2015
NCDC 2015
MPC 2015
MPC 2015
MPC 2015
MPC 2015
MPC 2015
MPC 2015
MPC 2015
MPC 2015
Clifford Grammich, Kirk Hadaway, Richard Houseal,
Dale E. Jones, Alexei Krindatch, Richie Stanley, and
Richard H. Taylor (2012)
MPC 2015
MPC 2015
NCDC 2015, MPC 2015

tracks from each sub-study period from 1950-2014 were overlaid on the counties and the data of
these intersections were extracted in ArcMap 10.2. Data on a related tornado track was applied to
each county it intersects. The tornadoes span across the contiguous continental United States.
The tornadoes extracted were the ones that fell into the counties of the Midwest and Southern
U.S. Census regions. Since climates vary across the United States, data for all seasons were used.
Tornado lengths, widths, and areas were also included as independent variables. Both
tornado lengths and widths had to be converted into meters from miles and feet respectfully.
Utilizing both the lengths and widths of the tornadoes, tornado areas were calculated. It is
acknowledged that the area of the tornado path may be larger or smaller than the calculated area
since there is not enough data on the tornado paths to know the true area of the tornado paths.
The EF-Scale was included as an independent variable to determine if intensity is a
significant predictor of direct tornado related fatalities. All tornado intensities were included
since tornado fatality can be caused by any of the EF-Scale ratings. For the scale, wind and
damage estimation was determined by the NWS and placed within a discrete ranking with 5
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being the highest intensity. This EF-Scale data were obtained from the NCDC for each of the
tornadoes.
Many of the mentioned scholars in the literature review have hypothesized that a cause of
the higher tornado fatalities is related to nocturnal tornadoes; however other research which has
been done using nocturnal tornadoes as a predictor of fatalities suggests that is not the case (Sims
and Baumann 1972). Therefore, the temporal aspect of the time which the tornado occurs was
included as a variable. Time of touchdown for each tornado was obtained from the NCDC and
then categorized as nocturnal or not nocturnal depending on the time. All times were based on
local times of their related location. All times between 00:00 and 05:59, and between 20:00 and
23:59 local standard time were considered nocturnal. These time frames were chosen according
to the methods of Sutter and Simmons (2010). However, in the Sutter and Simmons (2010) paper
they had 5 subdivisions; overnight (00:00-05:59), morning (06:00-11:59), afternoon (12:0015:59), late afternoon (16:00-19:59), and late evening (20:00-23:59). Several studies have
defined nocturnal tornadoes as tornadoes that occur between sunset and sunrise (Ashley 2007;
Ashley et al. 2008; Kis and Straka 2010). Therefore, the overnight and late evening subdivisions
have been chosen. For tornadoes that did not occur during the defined nocturnal hours, they were
given the value of 0. For nocturnal defined tornadoes they were assigned the value of 1. Some
flaws associated with this method of determining nocturnal tornadoes are that it does not take
geographic and seasonal variations into account (Ashley et al. 2008). Storm Data utilizes local
standard times.
Next, the tornado data were summarized for each county in the study area using ArcMap
10.2. When summarizing the tornado data for each county, tornado counts were obtained,
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average EF-Scales, average coded nocturnal values, and average tornado lengths, widths, and
areas were calculated.
The social variables; population density, median household income, percent in each
household income category, median age, percent population under each age category, percent
Black, percent Hispanic, percent foreign born, percent female, percent in each education level
category, household density, percent in group quarters, percent of population in renter occupied
housing units, percent of renter occupied housing units, and percent of housing units in each
household size category, percent born in each region, percent born in state, percent rural
population, and percent rural housing units were determined and/or calculated based on data
from the United States Census Bureau data for each period. These variables were assigned to
their related summarized tornado or tornadoes.
As for the spatial variable, region of residence, each tornado was assigned a region based
on which of the states the tornado was located in. The locations of the tornadoes were collected
from the NCDC. The following are the region categories: Southern and Midwestern regions. The
percentages of religious adherents were obtained from Grammich et al. (2012). The percentage
of religious adherents can be larger than 100 percent due to traveling from one county to another
for church.
Another independent variable included was potential casualty (Eq. 5). Potential casualty
is included as a variable since the variable assumed no physical, cultural, or social bias.

(Eq. 5)
Where;
Ta = Average area of all Tornadoes,
t = Number of Tornadoes per county,
A = Area of County in sq. km,
P = Population of county.
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In order to calculate potential casualties the average area of a tornado (Ta) needed to be
determined. Therefore, the average area of all tornadoes in all counties was calculated in meters
sq. Once the average tornado area was calculated it was used as the Ta variable in the potential
casualty calculation. The value used for Ta was calculated based on all of the years in the study
period, thus Ta is the average tornado area for all sub-study periods. Also, for the potential
casualty calculation the square area of the county based on the 2010 census was used as (A).
Data to calculate areas of each county were collected from the United States Census Bureau. The
counts of the tornadoes per county were used as the t variable for the number of tornadoes per
county for each sub-study period. Population data also were obtained from the United States
Census Bureau for each county and were used as the P variable for each study period. Once all
of values were determined they were placed into the PotCas equation and calculated.
Finally, the tornado death index (Eq. 6) was also calculated for each county. The D
variable was calculated by summarizing the direct tornado fatalities for each county in each
period.

(Eq. 6)

Ta is the average area of a tornado for the entire dataset,
and P is the population of the county per the time period.

Once all of the variables were calculated for each sub-study period the medians of these
variables had to be calculated. Medians were calculated using the calculated data from the
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following periods: 1950-1954, 1955-1964, 1965-1974, 1975-1984, 1985-1994, 1995-2004, and
2005-2014.

2.2.2 Interview Data Collection
For the qualitative portion of the study an interview schedule was made. Interview
questions were based on a one page interview schedule. The interview schedule was initially
created with nine potential questions regarding information about the emergency manager’s
county, warning response, vulnerability to tornado fatality, at risk populations, challenges of the
vulnerable populations, ways to address the vulnerable populations, what constitutes a successful
tornado warning, and cultural beliefs and their effect on responses to tornado warnings.
Following the initial draft of the interview schedule was further refinement and creation of
questions in the interview schedule (Appendix I).
Next, potential participants were identified. For the qualitative investigation of what leads
to higher fatality rates, 10 counties were randomly chosen based on their region, the category of
being a rural or urban county, and tornado frequency. The sample recruited for the interview
were the highest order emergency managers in rural defined counties (counties with less than
50,000 people) in the Midwest and urban defined counties (counties with 50,000 people or more)
in the South. Picking counties based on these methods was important to the sampling for this
study because it is hypothesized that region and the degree of rural population influence tornado
fatalities. Since the Midwest has a higher incidence of urban population compared to the South,
only rural Midwestern counties and urban Southern counties were considered (U.S. Census
Bureau 2012). By considering only rural Midwest counties and urban Southern counties, this
sampling method allows for region to be examined without the potentially confounding cultural
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variable of the degree of rural population and vice versa. The counties chosen share similar
tornado frequencies, +/- 2 tornadoes. The criteria that existed for a study participant to be
considered were that they must be the highest order emergency managers for their county, and
they are above 18 years old.
Potential participants are identified based on the county emergency management office
contact webpage. ten emergency managers were sent the recruitment email (Appendix II). Email
addresses were obtained from the county’s emergency management web pages. Emails were sent
to the email addresses provided under contact information on the web pages. There was only
once contact available for each emergency management office sampled.
Prospective participants were asked via email once by the PI if they would like to
participate in the study, they were given a copy of the consent form to read, and were encouraged
to ask questions about the study. If they agreed to participate, they were asked to contact the PI
after making their decision via email. They were given several (3-4) days to decide whether they
want to become participants. The PI explained to potential participants that participation was
completely voluntary that it presents no known harm based on Institutional Review Board (IRB)
regulations.
Once the study participant showed interest in participating they were provided with a
copy of the consent form and any additional information on the study they requested. They were
given several more (3-4) days to decide whether they want to become participants.
In the follow up conversation the study participant was asked to participate in one semistructured interview, of about 45-60 minute in length (on one occasion), conducted over the
phone or on webcam in a place of their choosing (e.g. in public or in their home). No long-term
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commitment was required, no identifiable information other than their names on the informed
consent document (addresses, phone numbers, emails) were collected from the participant.
Interviews were audio-recorded and later transcribed according to methods of Silverman
(2013). No interview participant was photographed or videotaped. All interview transcripts were
stored on the PI's personal home computer and could only be accessed by the PI. After the
interview transcripts were coded, electronic copies of interview transcripts were stored on the
PI's University of South Florida (USF) password protected office computer.
The participant was asked to print and sign their full names on the consent form. Written
consent was obtained according to IRB requirements (Appendix III). IRB protocols for
confidentiality are followed to protect the privacy of the study participant. Pseudonyms were
used in place of emergency manager’s names and the names of their counties.
This study consisted of qualitative research, done through a semi-structured interview
with an expert study participant. The highest order emergency managers for the county was
interviewed to further address hypotheses that differences exist in the vulnerabilities and
perceived risks in these differing counties, and that certain cultural beliefs (e.g. distrust in
government officials, tornadoes cannot cross specific geographic barriers or landscapes, trust that
God will be protective, and it is God’s will) have been present in the communities where tornado
fatalities have occurred.
The data collected consist of one interview out of the ten experts contacted. Follow up
with initial contacts and identification of other potential participants was not taken forth due to
time constraints. Response rates might be low due to the recruitment email getting lost in their
inbox, the email may have gone into their spam folder, they may not have answered the
recruitment email due to not recognizing the email address, or they may not have had interest in
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participating in the study. Using these qualitative methods allows for a better understanding of
who is vulnerable to tornado fatalities, perceptions held about tornadoes, and ways to address
tornado response. The interview took approximately 30 minutes to conduct. The interview was
conducted over the phone and recorded by a voice recorder. It was transcribed verbatim within a
week.

2.3 Data Analyses
This section describes the data analyses for both the quantitative and qualitative portions
of the study. The quantitative analysis involves descriptive statistics, the transformation of
variables, multiple linear regressions, and diagnostics on the final linear regression model. The
analysis of the interview involves coding, and the identification themes, sub-themes, and
categories.

2.3.1 Quantitative Analysis
For the data analyses, counties which had fatalities during the time period were chosen
from the Midwest, and from the South. For the analyses, a variety of variables were explored
against the median TDIs in a linear model regression in R according to the methods in Fox and
Weisberg (2011). Initially, once all the data were acquired and calculated, each variable was
examined and noted for normality, skewness, outliers, and correlation. The logit transformation
of the response variable was assumed for the second linear model regression due to the rare
nature of tornado occurrences causing skewed data (Fox and Weisberg 2011). Several model
variations were run. The models included transformations of variables, a beta regression due to
the nature of the dependent variable being proportion data which is addressed in Cribari-Neto
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and Zeileis (2010), removal of variables that had several possible interactions, removal of
variables with high coefficients, and the removal of the variables with correlations. For the
variables, correlations and p-values were noted for all of the models. Significance of the
predictor variables were noted to address previous hypotheses that TDIs are significantly
predicted by tornado frequency, EF-Scale rating, average coded nocturnal tornadoes, population
density, median household income, percent of an income group under $25,000, median age,
percent of an age group 65 and over, percent in an age group under 20, percent Black, percent
Hispanic, household density, percent in group quarters, percent renter population, percent in
renter occupied housing units, percent of people per size household, percent foreign born,
percent female, education level, percent of religious adherents, region, percent born in the
Northeast, percent born in the Midwest, percent born in the South, percent born in the West,
percent rural population, and percent rural housing units. Predictor variables were determined
significant when p-values were < 0.05. After the best model was found, backwards stepwise
regression was run.

2.3.2 Interview
For data analyses, the transcribed interview was coded by hand according to methods in
Silverman (2013). Initially open coding was used. Following the open coding, focused coding
was then used. Memos were recorded throughout the coding process. Once the coding was
completed, memos were edited and themes from the data began to emerge. Next, sub-themes
were identified and placed under larger umbrella themes. After themes and sub-themes were
identified, categories were identified to place under the sub-themes. The study was then more
focused around the two sub-themes under a larger theme, due to the robustness of each theme.
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The first theme that emerged was vulnerabilities and risks. The sub-themes were
vulnerabilities, behaviors, and physical risk factors. The second and last theme that emerged
was protective and preventive measures. The sub-themes were actual protective measures,
and ideal strategies.
Then, all codes were examined and applied under their relevant category. Quotes from
the interview were drawn out of the transcripts when they illustrated the discovered themes.
Quote sizes were reduced if they contained more information than what were needed to address
the category.
Coding the data proved to be difficult due to codes that could fall under multiple
categories. Some limitations in this study are a lack of respondents to the recruitment emails, a
lack of diversity in regions, and lack of diversity in rural and urban defined counties. Only one
potential study participant responded to the recruitment email. The study participant is an
established high order emergency manager in an urban, Southern county which has had previous
tornado experience and tornado fatalities. Mr. Griffin in the pseudonym for the study participant
and Gunter County is a pseudonym for the county he is from.
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Chapter 3. Results
After all data were collected and calculated, the quantitative part of the study, involved
initially descriptive statistics to prepare for building multiple model variations. Once descriptive
statistics were done, different model configurations were built and run, and then diagnostics were
run. The second part of the study, the qualitative part, involved discovering themes that emerged
from the coding. Within those themes, sub-themes came through. The sub-themes were then
broken down into categories and codes that emerged were addressed. Throughout the themes and
categories, quotes were selected that supported the sub-themes and categories from the interview.

3.1 Descriptive Statistics
Data were examined for normality, skewness, outliers, and correlation. Using histograms
and box plots skewness could be seen for the medians of many variables. In fact, the dependent
variable (median TDI) had several outlying observations that were severely skewing the
histogram (Figure 2). The outliers can be better seen in Figure 3. Due to the high skewness, large
outlying observations, and the nature of the data being ratio data, the range of the observations
were reduced to 0-1.0. This reduction in range resulted in the number of observations being
reduced from 904 to 874. The resulting histogram is still skewed but more of the data can be
seen (Figure 4). Histograms were built using sturges breaks in R for the interval classes (Fox and
Weisberg 2011). Figure 5 shows the histogram of TDI values for the Midwest, whereas Figure 6
shows TDIs for the South. The South seems to have a higher incidence of larger TDI values than
the Midwest.
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Figure 2. The dependent variable (median TDI) using the full dataset.

Figure 3. The outliers in the dependent variable (median TDI) using the full dataset.
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Figure 4. The reduced range of data used for the dependent variable (median TDI).

Figure 5. The frequencies of TDI values for the Midwest.
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Figure 6. The frequencies of TDI values for the South.

When examining the range of the median variables some variables have a larger range
than others (Table 6 (see page 60)). The majority of the values also lie in different locations
along the range for these variables resulting in several of the variables being skewed. The
‘majority of the values’ discussed in this section refer to the interval class in the histograms with
the highest frequency. To demonstrate the skewness of many of the variables their overall ranges
and ranges where the ‘majority of observations’ lie can be compared in Table 6 on page 60.
Skewness of the data can be seen in Table 6 for TDI (dependent variable), median
tornado frequency, median average tornado length, median average tornado width, median
average tornado area, median average EF-Scale, median average coded nocturnal tornado,
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Table 6. Approximate ranges for each variable.
Variable (Median)
TDI
Tornado Frequency
Average Tornado Length (m)
Average Tornado Width (m)
Average Tornado Area (m^2)
Average EF-Scale
Average Coded Nocturnal Tornado
Population Density
Median Household Income
Percent Household Income Less than $10K
Percent Household Income $10K-15K
Percent Household Income $15K-25K
Percent Household Income $25K or More
Median Age
Percent Under Age 5
Percent Age 5-9
Percent Age 10-14
Percent Age 15-19
Percent Age 20-24
Percent Age 25-29
Percent Age 30-34
Percent Age 35-44
Percent Age 45-54
Percent Age 55-59
Percent Age 60-64
Percent Age 65-74
Percent Age 75-84
Percent Age 85 and Over
Percent Black
Percent Hispanic
Percent Foreign Born
Percent Female
Percent Less than 9th Grade Education
Percent Education 9th Grade - Some College
Percent Education Bachelor’s Degree or
Higher
Household Density
Percent in Group Quarters
Percent Population in Renter Occupied
Housing Units
Percent Renter Occupied Housing Units
Percent 1 Person Housing Units
Percent 2 Person Housing Units
Percent 3 Person Housing Units
Percent 4 Person Housing Units
Percent 5 Person Housing Units
Percent 6 Person or More Housing Units
Percent Adherents to Religion
Region
Percent Born in NE
Percent Born in MW
Percent Born in S
Percent Born in W
Percent Born in State

Range
0.0-1.0
0.0-3.0
0-20,000
0-250
0-4x106
0.0-3.0
0.0-1.0
0.00-0.003
$5,000-60,000
5-60
5-17
10-23
10-75
24-56
3-11
4-11
4-12
4-14
2-24
3.5-11.0
4-10
8-18
6-14
2-8
1.5-9.5
2-22
1-12
0.0-4.5
0-10
0-100
0-40
44-55
0-40
10-60
2-30

Majority of Values
0.0-0.1
0.2-0.4
0-2,000
20-40
0.0-0.5x106
0.8-1.0
0.0-0.1
0.0000-0.0002
$20,000-25,000
25-30
13-14
17-18
25-30

0.0-8x10-4
0-28
10-60

0.0-0.5x10-4
0-3
20-25

0-50
6-30
14-40
5-20
4-25
2-14
0-13
10-110
MW or S
0-35
0-45
0-55
0-13
0-100

20-25
20-22
28-30
15-16
2-4
5-6
2-3
50-60
S
0-5
0-5
5-10
1-2
80-90
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6-7
7.0-7.5
7.0-7.5
7-8
6-8
6-7
6-7
12-13
11.0-11.5
5.0-5.5
4.5-5.0
6-8
4-5
1.0-1.5
0-10
0-10
0-5
52-53
10-15
40-45
4-6

Table 6 (Continued). Approximate ranges for each variable.
Variable (Median)
Range
Percent Rural Population
0-100
Percent Rural Housing Units
0-100
Potential Casualty
0-5x10-6

Majority of Values
90-100
90-100
0.0-0.5x10-6

median population density, median percent in age group 20-24, median percent Black, median
percent Hispanic, median percent foreign born, median percent with an education of a Bachelor's
degree or higher, median household density, median percent in group quarters, median percent
born in the Northeast, median percent born in the Midwest, median percent born in the South,
median percent born in the West, median percent born in state, and median potential casualty.
Next, outliers were observed and considered. When examining the remaining distribution
of the outlier observations that existed across all the variables for mistakes, no mistakes could be
found. The reasoning for the outlying observations was due to higher or lower instances of those
variables. The variables are reasonably reliable using data from the United States Census Bureau
for demographic, housing, rural, and potential casualty data. The tornado data are all reasonably
reliable variables since the data comes from the NCDC, however as noted earlier there are flaws
associated with the nature of collecting these sorts of data. The religion data are reasonably
reliable with possible concerns since the data were collected in several methods by Grammich et
al. (2012) sponsored by the Association of Statisticians of American Religious Bodies.
Therefore, the confidence in the data is overall pretty high and observations that seem to be
outliers were kept in.
Following the visual analysis of the histograms for each variable and the rationalization
for keeping in the remaining outliers, skewness was addressed. Multiple types of transformations
were run visually through histograms on the variables that were skewed and noted for which
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transformation made the data the most normal. The transformations that made the variables the
most normal were noted for application when building the multiple regression models (Table 7).

Table 7. The transformations chosen for the skewed variables.
Variable (Median)
Transformation
TDI
logit
Tornado Frequency
log
Average Tornado Length
Sqrt
Average Tornado Width
log
Average Tornado Area
Sqrt
Average EF-Scale
Sqrt
Average Coded Nocturnal Tornado
Sqrt
Population Density
log
Percent Age 20-24
log
Percent Black
log
Percent Hispanic
log
Percent Foreign Born
log
Percent Education Bachelor’s Degree or Higher
log
Household Density
log
Percent in Group Quarters
Sqrt
Percent Born in NE
log
Percent Born in MW
log
Percent Born in S
log
Percent Born in W
log
Percent Born in State
cube
Potential Casualty
log

The transformations that proved to be the most useful due to the nature of having
percentage and proportion data were the log, and log transformations which were addressed in
Fox and Weisberg (2011). Several of the explanatory variables were approximately normal or
were close yet slightly skewed to the right or left. The variables that were approximately normal
or slightly skewed were not transformed.
Next, linearity and correlation between the transformed variables were investigated.
While looking at the scatterplot matrices for evidence of nonlinearity, correlations were noticed
between several variables. Correlations were notice when the data on both scatterplots of the two
variables being compared followed the same trend. Several possible variable interactions with
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the region variable were also noted and considered for possible models. Correlations were
examined further through use of the correlation and variance inflation factor functions in the
CAR (Companion to Applied Regression) package in R (Fox and Weisberg 2011). Correlations
noted using the correlation function where those with values < - 0.5 and > 0.5. These correlations
were noted and considered when creating other models.

3.2 Multiple Regressions
Next, the variance inflation factor function was run on the transformed model several
times removing one variable at a time. All correlations with a variance inflation factor of > 4
were removed. The highest was always the one removed. The values were compared to the notes
on correlations found with the correlation function to verify that there were indeed correlations
and with which variables. The variables that were removed due to correlation are median
population density, median of the median household income, median percent of household
incomes of less than $10,000, median percent of household incomes greater than $25,000,
median of the median age, median percent ages under 5, median percent ages 5-9, median
percent ages 10-14, median percent ages 20-24, median percent ages 25-29, median percent ages
30-34, median percent ages 55-59, median percent ages 60-64, median percent ages 65-74,
median percent ages 75-84, median percent ages 85 and over, median percent Black, median
percent foreign born, median percent with less than a 9th grade education, median household
density, median percent of renter occupied housing units, median percent in 3 person housing
units, median percent in 4 person housing units, median percent in 5 person housing units,
median percent born in the West, median percent born in state, and median percent rural
population.
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Next, the transformed model with correlations removed (R1) was run with a linear model
regression. Several of the explanatory variables showed to be significant predictors of the median
TDI (Table 8 (see page 65)). However, many also did not seem to be significant. The significant
variables for the transformed model (R1) were the median tornado frequency, median average
tornado width, median percent born in the Northeast, median percentage of rural housing units,
and median potential casualty, based on a p-value < 0.05. Only one variable was close to being
significant to the 0.05 significance level but was significant at the < 0.10 significance level was
the median percentage of household incomes of $10,000-14,999.
To address previous hypotheses (Table 9 (see page 66)), median average EF-Scale,
median average coded nocturnal tornadoes, median household incomes of $10,000-14,999,
median household incomes of $15,000-24,999, median percent in an age group under 20 (ages
15-19), median percent Hispanic, median percent female, median percent in each education level
(9th grade education to some college, and bachelor’s degree or higher), median percent in group
quarters, median percent of renters, median percent of people per household size (1 person, 2
person, and 6 or more persons per housing unit), median percent of religious adherents, region,
median percent born in the percent born in the Midwest, and the median percent born in the
South were not significant at the 0.05 significance level.
However, the hypothesized variables median tornado frequency, median percent born in
the Northeast, and median percent of rural housing units were all significant variables. Variables
that were significant but were not hypothesized to be are median average tornado width and
median potential casualty. Significant variable that increase median TDI when they increase in
value are median average tornado width, and median percent of rural housing units. Significant
variables that decrease median TDI are median tornado frequency, median percent born in the
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Table 8. The transformed model with correlations removed (R1). Statistically significant variables identified with an
asterisk (*).
Model R1
lm(( log (Median TDI / (1 – Median TDI))) ~ (log (Median Tornado Frequency)) + (sqrt (Median Average
Torornado Length m)) + (log (Median Average Tornado Width m)) + (sqrt (Median Average Tornado Area
m)) + (sqrt (Median Average EF-Scale)) + (sqrt (Median Average Nocturnal)) + Median Percent Household
Income 10K-15K + Median Percent Household Income 15K-25K + Median Percent 15-19 + Median Percent
35-44 + Median Percent 45-54 + (log (Median Percent Hispanic)) + Median Percent Female + Median
Percent 9th grade to Some College + (log (Median Percent Bachelors or Higher)) + (sqrt (Median Percent
Group Quarters)) + Median Percent Population in Renter Occupied Housing Units + Median Percent 1
Person Housing Units + Median Percent 2 Person Housing Units + Median Percent 6 or More Person
Housing Units + Median Percent Adherents + Region + (log (Median Percent Born in Northeast)) + (log
(Median percent Born in Midwest)) + (log (Median Percent Born in South)) + Median Percent Rural
Housing Units + (log (Median Potential Casualty)))
Residuals:
Min
1Q
Median
3Q
Max
-3.4150
-0.8082
-0.1630
0.7077
7.0514
Variables
Coefficient
Standard
t-value
p-value
Estimates
Error
(Intercept)
-8.2570
3.3564
-2.4600
0.0141
Tornado Frequency
-0.3881
0.1010
-3.8420
0.0001*
Tornado Length
0.0004
0.0033
0.1150
0.9081
Tornado Width
0.3094
0.1094
2.8290
0.0048*
Tornado Area
-0.0001
0.0004
-0.2630
0.7928
Average Coded Nocturnal
-0.0617
0.1743
-0.3540
0.7234
Household Income $10k-15k
-0.0618
0.0356
-1.7350
0.0832
Household Income $15k-25k
0.0026
0.0307
0.0840
0.9332
Ages 15-19
0.0464
0.0701
0.6620
0.5081
Ages 35-44
-0.0787
0.0529
-1.4860
0.1377
Ages 45-54
-0.0147
0.0651
-0.2260
0.8209
Percent Hispanic
0.0795
0.0622
1.2780
0.2015
Percent Female
-0.0544
0.0504
-1.0790
0.2808
9th Grade Education -Some College
-0.0060
0.0147
-0.4120
0.6803
Bachelor’s Degree or Higher
-0.2853
0.2038
-1.4000
0.1619
Percent in Group Quarters
-0.0120
0.1028
-0.1170
0.9070
Percent of Renters
0.0085
0.0119
0.7150
0.4748
Percent in 1 Person Housing Units
-0.0114
0.0246
-0.4620
0.6444
Percent in 2 Person Housing Units
0.0060
0.0220
0.2740
0.7841
Percent in 6 or More Person Housing Units
-0.0150
0.0537
-0.2790
0.7802
Percent of Religious Adherents
0.0019
0.0042
0.4510
0.6521
Region
0.0028
0.1451
0.0190
0.9847
Born in Northeast
-0.2034
0.0821
-2.4760
0.0135*
Born in Midwest
0.0704
0.0756
0.9320
0.3516
Born in South
0.0634
0.0783
0.8090
0.4185
Percent Rural Housing Units
0.0133
0.0030
4.4320
1.06x10-5*
Potential Casualty
-0.4432
0.0551
-8.0370
3.08x10-15*
Residual standard error:
1.258 on 845 degrees of freedom
Multiple R-squared:
0.4780
Adjusted R-squared:
0.4614
F-statistic:
28.66 on 27 and 845 degrees of freedom
p-value:
< 2.2x10-16
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Table 9. The hypothesized variables and their significance (R1). Statistically significant variables identified with an
asterisk (*).
Variables
Estimated Coefficients
p-value
Tornado Frequency
-0.3881
0.0001*
Average Coded Nocturnal
-0.0617
0.7234
Household Income $10k-15k
-0.0618
0.0832
Household Income $15k-25k
0.0026
0.9332
Ages 15-19
0.0464
0.5081
Percent Hispanic
0.0795
0.2015
Percent Female
-0.0544
0.2808
9thGrade Education - Some College
-0.0060
0.6803
Bachelor’s Degree or Higher
-0.2853
0.1619
Percent in Group Quarters
-0.0120
0.9070
Percent of Renters
0.0085
0.4748
Percent in 1 Person Housing Units
-0.0114
0.6444
Percent in 2 Person Housing Units
0.0060
0.7841
Percent in 6 or More Person Housing
-0.0150
0.7802
Units
Percent of Religious Adherents
0.0019
0.6521
Region
0.0028
0.9847
Born in Northeast
-0.2034
0.0135*
Born in Midwest
0.0704
0.3516
Born in South
0.0634
0.4185
Percent Rural Housing Units
0.0133
1.06e-05*

Northeast, and median potential casualty. Overall, the model is significant at < 0.01. However,
the model has an adjusted R-squared value of 0.4614; therefore the model explains the real
situation moderately well.
Following the transformed model (R1), backwards stepwise regression was executed on
it. The resulting model was R2 (Table 10). This was the best model with a highly significant pvalue, and a 0.4685 adjusted R-squared value. The model resulted in 6 significant variables:
median tornado frequency, median average tornado width, median percent of ages 35-44, median
percent born in the Northeast, median percent of rural housing units, and median potential
casualty at 0.05 significance level. Variables that would have been significant if alpha was set to
0.10 would have been the percent female and the median percent Hispanic. Of the hypothesized
significant variables three of the variables were significant (Table 11). The variables that were
hypothesized to be significant that were are median tornado frequency, the median percent born
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in the Northeast, and the median percent of rural housing units. Variables that were hypothesized
to be significant but were not are the median percent with a household income of $10,00014,999, median percent Hispanic, median percent female, and median percent with a Bachelor’s
degree or higher. Variables that were significant but were not hypothesized to be are median
average tornado width, median percent of ages 35-44, and median potential casualty. Significant
variables that increase median TDI when they increase are median average tornado width, and
median percent of rural housing units.

Table 10. The final model result from the backwards stepwise regression (R2). Statistically significant variables
identified with an asterisk (*).
Model R2
lm(( log (Median TDI / (1 – Median TDI))) ~ (log (Median Tornado Frequency)) + (log (Median Average
Tornado Width m)))) + Median Percent Household Income 10K-15K + Percent 35-44 + (log (Median
Percent Hispanic)) + Median Percent Female + (log (Median Percent Born in Northeast)) + (log (Median
Percent Bachelors or Higher)) + Median Percent Born in the Northeast + Median Percent Rural Housing
Units + (log (Median Potential Casualty)))
Residuals:
Min
1Q
Median
3Q
Max
-3.5136
-0.7965
-0.1562
0.7631
6.9221
Variables
Coefficient
Standard
t-value
p-value
Estimates
Error
(Intercept)
-7.1630
2.5308
-2.8300
0.0048
Tornado Frequency
-0.4098
0.0894
-4.5840
5.24x10-6*
Tornado Width
0.3291
0.0795
4.1400
3.82x10-5*
Household Income $10k-15k
-0.0514
0.0321
-1.6040
0.1091
Ages 35-44
-0.0842
0.0416
-2.0220
0.0435*
Percent Hispanic
0.0928
0.0511
1.8180
0.0695
Percent Female
-0.0662
0.0359
-1.8450
0.0654
Bachelor’s Degree or Higher
-0.2643
0.1655
-1.5970
0.1106
Born in Northeast
-0.1987
0.0621
-3.1980
0.0014*
Percent Rural Housing Units
0.0121
0.0027
4.5100
7.37x10-6*
Potential Casualty
-0.4393
0.0518
-8.4860
< 2x10-16*
Residual standard error:
1.249 on 862 degrees of freedom
Multiple R-squared:
0.4746
Adjusted R-squared:
0.4685
F-statistic:
77.86 on 10 and 862 degrees of freedom
p-value:
< 2.2x10-16
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Table 11. The hypothesized variables and their significance (R2). Statistically significant variables identified with
an asterisk (*).
Variables
Coefficient Estimates
p-value
Tornado Frequency
-0.409817
5.24x10-6*
Percent Hispanic
0.092848
0.06948
Percent Female
-0.066228
0.06537
Bachelor’s Degree or Higher
-0.264269
0.11060
Born in Northeast
-0.198687
0.00143*
Percent Rural Housing Units
0.012060
7.37x10-6*

3.3 Multiple Regression Diagnostics
When looking at the results of the final model all of the signs of the variables
conceptually make sense. When analyzing the model chosen, many observations had influence
on the regression coefficients and coefficient standard errors (Figure 7, 8, 9, 10). Next, influence
plots were observed (Figure 11). Many observations had leverage. However, due to the nature of
the study all observations were kept in. Thus, there was no sound scientific rationale for omitting
observations. While observing the residual plots, linearity can be seen for the median tornado
frequency, median percent of household incomes $10,000-14,999, and median percent of rural
housing units (Figure 7, 9, 10). However, the variables median percent of ages 35-44, and
median percent born in the Northeast diverged significantly (Figure 8). Slight divergence can be
seen for median average tornado width, median percent Hispanic, median percent female,
median percent with a Bachelor’s degree or higher, and median potential casualty.
Heteroscedasticity exists in all of the residual plots. However, the model and observations seem
to coincide pretty well in the marginal model plots. (Figure 12, 13, 14, 15, 16, 17).
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Figure 7. The residuals for median tornado frequency, median average tornado width, and median percent female.

Figure 8. The residuals for the median percent of ages 35-44, median percent Hispanic, and the median percent born
in the Northeast.
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Figure 9. The residuals for the median percent with a Bachelor’s degree or higher, median percent with household
incomes $10,000-14,999, and median potential casualty.

Figure 10. The residuals for median percent rural housing units and fitted values.
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Figure 11. Influence index showing leverage in the Cook’s distance and hat-values.

Figure 12. Marginal models of median TDI values and both median tornado frequency and median average tornado
width. These plots show the data (blue line) against the model (red line).
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Figure 13. Marginal models of median TDI values and both median percent female and median percent of ages 3544. These plots show the data (blue line) against the model (red line).

Figure 14. Marginal models of median TDI values and both median percent Hispanic, and median percent born in
the Northeast. These plots show the data (blue line) against the model (red line).
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Figure 15. Marginal models of median TDI values and both median percent with a Bachelor’s degree or higher and
median percent with household incomes of $10,000-14,999. These plots show the data (blue line) against the model
(red line).

Figure 16. Marginal models of median TDI values and both median potential casualty and median percent of rural
housing units. These plots show the data (blue line) against the model (red line).
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Figure 17. Marginal models of median TDI values and fitted values. These plots show the data (blue line) against
the model (red line).

3.4 Interview Analysis
For the qualitative portion of this study Mr. Griffin was interviewed. Mr. Griffin is the
Director of Emergency Management in Gunter County. He has 25 years of public safety
experience and 8 years of experience specifically in Gunter County. His educational background
is a degree in business administration and a Master’s of public administration with a focus on
emergency management.
Gunter County has a diverse population. They have approximately 850,000 people and
over 40 different primary languages. Their climate is “fairly mild”. In this section, themes, subthemes, categories, and quotes that were discovered in the coding are examined. Through the
interview there were several themes that emerged. The two themes discussed here are:
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vulnerabilities and risks, and protective and preventive measures. Several sub-themes came
up as well under each theme.

3.4.1 Vulnerabilities and Risks: Vulnerabilities
The first sub-theme to address under the first theme is vulnerabilities. Categories which
emerge under this sub-theme are age, mobility challenged, and cultural beliefs. The first
category that emerged is the age. An example of age being described as a vulnerability comes
through when Mr. Griffin was asked who would be at most risk in his community.

And I know there are a lot of definitions out there for vulnerable populations, but you
know, certainly the very young, or the very senior, the elderly,

Mr. Griffin believes that age can determine vulnerable populations. The vulnerable ages
Mr. Griffin describes as being vulnerable are the “very young” and the “elderly”. For Gunter
County, being young and “elderly” contributes vulnerability to tornado fatality, thus confirming
previously stated hypotheses.
Another category, the mobility challenged comes through in the continuation of the
previous quote.

those people who have mobility challenges, or things like that I would think would be
our most vulnerable.

When discussing who is vulnerable, Mr. Griffin also describes those who are mobility
challenged. Mobility challenged individuals were not considered as a hypothesized variable in
this study, therefore increased vulnerability to tornado fatality from being mobility challenged is
a new finding in this study.
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The final category given under the vulnerabilities sub-theme is the cultural beliefs
category. Mr. Griffin was asks if there are any cultural beliefs that may affect the responsiveness
of his community.
There are and I can’t quantify those specifically to a tornado but we have seen it in some
of our other hazards.

Mr. Griffin has notice how some cultural beliefs caused issues during other hazards.
Cultural beliefs proved to cause problems regarding responses to the aftermath of a
presidentially declared flooding disaster. Mr. Griffin noticed a segment of their Hispanic
community did not want to accept help or shelter following a significant flood, but he has not
had any experience that he knows of like that dealing with responding to tornado warnings. Mr.
Griffin attributes the lack of acceptance of help and shelter to cultural beliefs. However, due to a
lack of experience with cultural beliefs and their effects on tornado vulnerability the hypothesis
that certain cultural beliefs contribute to vulnerability to tornado fatalities cannot be confirmed.

3.4.2 Vulnerabilities and Risks: Behaviors
The second sub-theme addressed under the first theme is behaviors. Categories which
emerge under this sub-theme are they take action, “do not act immediately”, and “seek to
verify”. The sub-theme behaviors were not hypothesized to contribute to the vulnerability of
tornado fatalities in this study; therefore all of the mentioned categories under behaviors are new
findings in this study. The first category is that the people of Gunter take action during a tornado
warning. An example of this category can be seen here when Mr. Griffin is asked how people in
Gunter County respond to tornado warnings.

76

I think they heed them very well.
Mr. Griffin believes that overall, his county’s population takes action when faced with a
tornado warning. He further discusses the nature of tornadoes in the South and gives an example
of their last tornado event which may not reflect his perception of the county’s response to a
tornado warning since the last event was not warned. Another quote demonstrating this category
can be seen below. The following quote is a continuation of his answer if people in his county
respond to tornado warnings.

And because it is one of our more frequent hazards, they are fairly in-tune to
knowing, you know, when we’re under a tornado watch, and when we’re under a
warning that means they need to take shelter.

Above Mr. Griffin describes taking shelter as one of the take action behaviors Gunter
County exhibits. Examples of the take action codes used for the take action category are: heed
the warnings, “take shelter”, and they “have plans and procedures”. The people of Gunter
County for the most part, have mitigative behaviors when faced with a tornado warning. They
take action by heeding warnings, taking shelter, and having plans and procedures in place.
Therefore, the people of Gunter County reduce their vulnerability to tornado fatalities by taking
part in mitigating behaviors, which is a new finding.
Another category, the “do not act immediately” category comes through in the following
quote when asked what the biggest challenges would be if there were a tornado warning put out.
if you’ve done a little research in crisis communications you learn that, you know that a
lot of times people do not act immediately on any type of warning.
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Mr. Griffin discusses how in many instances people do not immediately respond to any
warning, which is a new finding in this study. This sort of behavior, not acting immediately,
increases one’s vulnerability to tornado fatality. For example, a group of people may not seek
shelter immediately in their basement, this increases their vulnerability by relying strictly on the
structural stability of the building they are in.
The final category under the sub-theme, behaviors, is the category, seek to verify. The
seek to verify category also comes through below in the continuation of the previous quote
explaining that people do not act immediately.

They seek to verify

Mr. Griffin believes that people do not act immediately because they seek to verify the
hazard. The seek to verify category also comes through in the continuation of the answer to the
previous question, what the biggest challenges would be if there were a tornado warning put out?
Whether you’re going to turn on the television and see what it’s saying, or you’re
going to check a social media site, or you’re calling your friends, or you know,
whatever method you use to try to verify

Mr. Griffin describes methods people use to verify a hazard. These discussed methods
used to verify a hazard are using television, the internet, and calling a friend. The behavior of
people seeking to verify a hazard when faced with a tornado is also a new finding.

3.4.3 Vulnerabilities and Risks: Physical Risk Factors
The third sub-theme to address under the first theme is physical risk factors. Categories
which emerge under this sub-theme are low frequency, quick development, short duration, lack
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of visibility, difficult predictability, seasonal character, and lack of warning lead-time. The first
category that came up when discussing the physical risk factors of tornadoes in the South is the
low frequency category. The following is an example of this category after being asked if Mr.
Griffin has noticed any differences in the probability of the public responding to a tornado
warning since they’ve educated the public on these tornado topics.
No. It’s hard to tell. I mean statistically we only have a tornado once every seven
years.

Mr. Griffin believes that his County has a tornado approximately every seven years. He
further discusses when their last tornado event occurred and compares the year of the last
tornado to this year, demonstrating that it could be potentially two more years until their next
tornado. Another quote demonstrating this category can be seen below. The following quote is in
response to being asked if he feels there is anything important that was not asked of him.
I can’t think of anything. Like I said, tornadoes are pretty far down our hazards list
since we don’t get them all that frequently.

In the quote above Mr. Griffin reiterated that Gunter County does not get tornadoes all
that often. Tornadoes are not as frequent as other hazards for Gunter County; therefore they do
not take precedence compared to other hazards. A new finding in this study is that tornadoes in
Gunter County do not occur all that frequently. Example of low frequency coded phrases are: not
the highest hazard, tornadoes on average every 7 years, “7 year period”, tornadoes are further
down the hazards list, and we don’t have tornadoes very frequently.
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Three categories that come through in the following quote are: quick development, short
duration, and lack of visibility. The three categories come through when discussing how people
in Mr. Griffin’s county respond to tornado warnings.

I guess some of the, I call them interesting nature of tornadoes here in the South. We
don’t typically see those long running tornadoes that you have in the Midwest,
ours are more quickly developed. A lot of the times they are embedded in
thunderstorms

Mr. Griffin discusses what he calls the interesting nature of tornadoes in the South. He
describes tornadoes in the South as quickly developing, short in length, and hard to see in
comparison to tornadoes in the Midwest. These statements provide evidence for the hypothesis
that differences exist between the Midwest and South. Also, the previously stated physical risks
of tornadoes in the South are new findings in this study.
Another category that arises is the difficult predictability category. The following is a
quote demonstrating this category that came through in the continuation of discussing the
physical risk factors of Southern tornadoes.
A lot of the times they are embedded in thunderstorms and they’re difficult for the
forecasters to pick up on radar.

In the quote above Mr. Griffin describes the physical risk factors of tornadoes when it
comes to viewing them on radar. He further discusses how this difficulty to visualize the tornado
on radar contributed to a lack of a tornado warning during their last tornado event November
30th, 2010. This new finding for this study suggests that the physical risks of tornadoes in the
South contribute to increased vulnerability to tornado fatality due to difficulty in forecasting
tornado warnings.
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Another category that arises is the seasonal character category. An example of this
category below comes through when asking when their county has its tornado season.

I would say it probably runs, a lot of it is temperature driven, so it just depends on
when we will start seeing warm ups, but I would say, probably around mid-May on
through August in when we have our most severe weather, severe thunderstorms, and
I sort of group tornadoes in with that because the majority of our tornadoes are
going to be driven out of those supercell thunderstorms.

In the quote above Mr. Griffin describes the seasonal character of tornadoes in the
South. These seasonal character of tornadoes are related to temperature, time of year, and other
weather event seasons. More specifically, a new finding is that the seasonal character of the
tornado season in Gunter County can be described as “temperature driven”, occurring between
mid-May and August, and co-occurring with their severe weather season.
The final category under the sub-theme, physical risk factors, is the category lack of
warning lead-time. The lack of warning lead-time category comes through below in the
discussion of the biggest challenges facing vulnerable populations in Gunter County.
a lot of times with the types of tornadoes we have you don’t have a lot of
lead-time to try to go verify.
Mr. Griffin believes that the tornadoes they have don’t allow for a lot of lead-time.
Another example of this, below, reiterates this thought.
a lot of the times we don’t have the luxury of that sort of time.

The amount of time Mr. Griffin is discussing is enough time to verify the tornado hazard.
Mr. Griffin believes that the lack of warning lead-time is the largest physical risk factor
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contributing to vulnerability to tornado fatality in Gunter County, which is a new finding in this
study.

3.4.4 Protective and Preventive Measures: Actual Protective Measures
The first sub-theme addressed under the second theme is actual protective measures.
Categories which emerge under this sub-theme are collaboration with other agencies, and
educate the public. The first category is the collaboration with other agencies. An example of
this category can be seen below when asked what policies and procedures the emergency
management in Gunter County has regarding tornado warnings.
The tornado warnings are certainly, as you’re aware, issued by NOAA, the National
Weather Service. We have five weather service offices over in the state of Georgia.
The one that covers our county is the National Weather Service office in Peachtree
City, Georgia, and we work very closely with them on the issuance of their watch
and warning products.

Mr. Griffin discusses collaborating with the National Weather Service for their watch and
warning products. Another quote demonstrating this category can be seen below. The following
quote is in response to being asked if their emergency management educated the public about
tornadoes.

certainly we have a lot of volunteer organizations that we work through

Above Mr. Griffin discusses how there are many volunteer organizations that the Gunter
County Emergency Management Office works with to educated the public about tornadoes. Mr.
Griffin describes other collaborations they have with organizations in their community.
Examples of collaboration with other agencies coded phrases used are: works closely with

82

NWS, have lots of volunteer organizations they work through, “state’s Ready campaign”,
outreach with organizations to vulnerable populations, works with community, works with “faith
based organizations”, works with “association business”, works with “association chamber of
commerce”, and outreach through organizations to people. These findings suggest that
collaboration with other organizations and the community are steps that can be taken to get
tornado warnings out to the public and to educate the public, which are new findings in this
study.
The next category under the sub-theme actual protective measures is the category
educate the public. The educate the public category can be seen below.
we’re out there educating everyday

Mr. Griffin discusses how often they educate the public. The educate the public category
also comes through in Mr. Griffin’s response to being asked if nursing homes are prepared for
tornadoes.

Certainly, we do a lot of outreach with our organizations through the county that
work with our vulnerable populations, and certainly we encourage them to have
plans and procedures in place.

Mr. Griffin discusses educating the public and encouraging mitigative behaviors through
reaching out to the organizations that work with Gunter County’s vulnerable populations. This
category can also be seen in the following quote from Mr. Griffin responding after being asked if
their emergency management educates the public about tornadoes.
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We have a strong outreach program that covers all of our hazards and we disseminate
that information in a variety of media, through our web page is certainly a way,
and we have our own government access television channel that we put programs
on from time to time and is also, those videos are also used in a video on demand
type of arrangement that people can download those and look at them.

Mr. Griffin discusses the variety of methods they use to disseminate their information to
the public. Methods used for educating the public on tornadoes are: on Gunter County’s
Emergency Management office web page, on their “government access television channel”, and
“video on demand”. Another example of the educate the public category can be seen below when
Mr. Griffin continues to answer if their County emergency management educates the public
about tornadoes.
We participate with the state of Georgia’s Ready campaign, the Ready Georgia
campaign that is modeled after the National Ready campaign, where we do a lot of
outreach and speaking at community events and hosting those

Mr. Griffin discusses how their emergency management office hosts and speaks at
community outreach events to educate the public on tornadoes. The final example quote for the
category educate the public is in response to a question asking if language differences were a
reason for a Hispanic community not accepting shelter following a major flood event which
destroyed their homes.

we certainly do a lot of outreach in all of our different languages,

Mr. Griffin discusses here how language is not a barrier for them since they utilize all of
the languages present in their county to do outreach. Examples of educate the public coded
phrases used are: educated public on hazards, speaks at community events, outreach with
organizations to vulnerable populations, outreach through organizations to people, offer
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caregiver workshops, dissemination of information in several media, web page, “government
access television channel”, on demand videos, and use relationships with organizations to reach
the public. Gunter County protects its vulnerable populations through frequent outreach, the use
of organizations that work directly with their vulnerable populations, encouraging mitigative
behaviors, disseminating information through use of their web page, “government access
television channel”, “video on demand”, hosting and speaking at community events, and
performing outreach in all of the languages present in their county, which is a new finding.
Another new finding is that Gunter County Emergency Management collaborates with other
agencies and educates the public to reduce vulnerability to tornado fatalities.

3.4.5 Protective and Preventive Measures: Ideal Strategies
The second sub-theme to address under the second overall theme is ideal strategies.
Categories which emerge under this sub-theme are to educate the public in general, and take
special measures to educate and protect vulnerable populations. The first category that will be
addressed is the educate the public in general category. An example of the educate the public in
general category can be seen in response to being asked what the biggest challenges to the
vulnerable populations are.
Well I don’t know that it’s necessarily a challenge for them, but I think one of the
things we all have to try is to educate people about is understanding, you know, the
differences between watches and warnings, and what actions they need to take

Mr. Griffin believes that the public needs to be educated on what actions to take during a
tornado warning. Mr. Griffin also discusses how the public needs to be educated on the
differences between the terms watches and warnings. These findings suggest that the biggest
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challenges facing vulnerable populations are that the need to be educated on the differences
between tornado watches and warnings, and made aware of what actions they need to take,
which is a new finding.
The final category under the sub-theme ideal strategies is the take special measures to
educate and protect vulnerable populations category. Mr. Griffins was asked what he believes
are the best ways to address the resilience of vulnerable populations in general.
I think when you’re trying to deal with the vulnerable populations you have to
try to get to their caregivers, or get to the organizations that support them,

Mr. Griffin believes that the caregivers of the vulnerable populations need to be
approached when trying to address the resilience of vulnerable populations in general. A new
finding in this study is that in order to address vulnerable populations their caregivers and
organizations supporting them need to be approached. Overall, some ideal strategies for reducing
vulnerability to tornado fatalities are educating the public in general and taking special measures
to educate and protect vulnerable populations.
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Chapter 4. Discussion
The first part of the study, the quantitative part, involved descriptive statistics, the
development of several model configurations, and diagnostics ran on the final model. The second
part of the study, the qualitative part, involved coding, discovering themes and sub-themes,
breaking down the codes into categories, and selecting quotes that best demonstrate the various
categories. In the following, the results of each type of analysis are discussed.

4.1 Descriptive Statistics
For the descriptive statistics several observations were made. Several of the variables’
observations approached normality, whereas several did not as well. As expected many of the
census variables approached normality while the tornado variables were skewed. However, some
of the census variables did not. Census variables that did not approach normality may not have
had a large enough population; the data may be hard to collect due to a lack of documentation or
a lack of feasibility of collecting those sorts of data. As Fothergill and Peek (2004) found in
some extreme poverty cases people lived in unmarked homes and on unmapped roads.
Therefore, a lack of documentation may help explain some of the skewness in the census data.
Skewness of the tornado variables were expected due to the nature of tornadoes being rare
occurrences.
For the TDI several of the values skewing the data seemed extremely large. Skewness of
TDI was expected, however the observations greatly exceeded the degree of skewness that
seemed acceptable. Therefore, following the identification of the extreme TDI outliers, a range
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of 0.0-1.0 was determined more acceptable. The 0.0-1.0 range is a more acceptable range
because it improves the predictability of the model by not having the outliers extremely skew the
residuals and it still allowed for the larger values which indicated extreme events. TDI’s that are
greater than one also indicate that the average tornado path area assumed in the equation is
smaller than the actual tornado path area, or that the population of the county is not equally
distributed across geographic space (Sims and Baumann 1972). These issues could help explain
why some of the TDI’s were so large.
Once again the distributions were expected for several of the variables. However, the
range of values were interesting to examine as some ranges were not as large as expected, or they
were larger than expected. It is interesting to note that the median percent Black had a range
from 0-10 percent whereas the median percent Hispanic had a range from 0-100 percent. This
large of a difference between the ranges of these two variables was not expected. Following
range and distribution investigations were the examination of outliers for the independent
variables. All of the observations were kept in due to the reliability of the data sources.
Linearity and correlation between the transformed variables were considered. Many more
possible interactions between the variables existed than expected. Interactions were expected but
the number of possible interactions exceeded the expectation. Correlations were also noticed.
These correlations were expected since many census variables were included in the study and
several census variables are correlated. It is interesting that no correlations existed among the
tornado variables. It was expected that tornado length or width may be correlated with tornado
area. When correlations were removed several variables that did not appear to be significant
became significant. This removal of correlations improving the model could be due to
correlations that were blocking other potential significant variables from being visible.
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4.2 Multiple Regressions
Initially, the transformed model (R1) with correlations removed was run. The variables
that came back as significant variables were the median tornado frequency, median average
tornado width, median percent born in the Northeast, median percentage of rural housing units,
and median potential casualty, based on a p-value < 0.05. This means that the frequency of
tornadoes, the width of the tornado path, being born in the Northeast, the proportion of housing
units that are rural, and the number of potential tornado fatalities calculated using the potential
casualty equation all influence the ratio of actual tornado fatalities to potential (TDI).
The proportion of household incomes of $10,000-14,999 was close to being a significant
predictor of TDI but was not. The reason the proportion of household incomes of $10,00014,999 may not be showing up, or the reason the previously stated significant variables above
may be appearing as significant could be due to nonlinearity of the variables and the inclusion of
all the variables. There may have been slight to moderate correlations that were hard to see using
the variance inflation factor function.
To address previous hypotheses, EF-Scale, average coded nocturnal tornadoes, incomes
less than $25,000 ($10,000-14,999 and $15,000-24,999), the proportion of people in an age
group under 20 (ages 15-19), being Hispanic, being female, having an 9th grade education to
some college, having a bachelor’s degree or higher, living in group quarters, being a renters, the
proportion of the population living in 1 person, 2 person, and 6 or more persons households,
being religious, region, being born in the Midwest, and being born in the South did not influence
TDI. Most of these findings do not coincide with the literature. In the literature, EF-Scale has
been found to influence fatalities, nocturnal tornadoes have been found to increase fatality, lower
incomes have been found to be associated with higher fatality rates, age has been found to
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influence fatality, education has been found to influence tornado warning behavior, living in
apartment complexes influences fatality rates, and differing views in religion has been
considered to influence tornado fatalities (Sims and Baumann 1972; Schmidlin and King 1995;
Balluz et al. 2000; Brown et al. 2002; Merrell et al. 2005; Biddle 2007; Ashley et al. 2008;
Simmons and Sutter 2011; Chaney et al. 2012; Paul and Stimers 2012; Simmons et al. 2012).
However, there are mixed results in the literature for studies dealing with race/ethnicity, and
gender.
EF-Scale and the average coded nocturnal tornadoes may not be showing as significant
due to how they were calculated. Perhaps the median EF-Scale should have been calculated
instead of the average EF-Scale, or the percent of nocturnal tornadoes rather than the average of
the coded tornadoes. The other hypothesized significant variables that did not show as significant
may be due to slight correlations. Also, in the previous literature these variables are used to
predict tornado fatalities. This study is different because the variables are predicting TDIs which
are the ratios of actual fatalities to potential casualties. Therefore, it is very well possible that
these variables that predict tornado fatalities may not predict TDI values.
Of the hypothesized variables, the frequency of tornado occurrences, being born in the
Northeast, and the proportion of rural housing units all influence TDI. These findings correspond
with the previous literature. Similarly to this study past studies have shown that tornado
frequency contributes to tornado fatalities, tornado fatalities can be influenced by region, and the
amount of urban development can increase vulnerability (Brenner and Noji 1993; Schmidlin
1993; Schmidlin and Ono 1996; Schmidlin and King 1997; Daley et al. 2005; Brotzge and
Erickson 2009; Sutter and Simmons 2010; Simmons and Sutter 2011; Simmons et al. 2012;
UNISDR 2012). However, the way these variables affect TDI might not correspond with the
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literature. In this study, increasing tornado frequency decreases TDI. Paul and Stimers (2011)
found that higher fatality rates are associated with higher tornado frequencies. However, Brotzge
and Erickson (2009) found that months with lower tornado frequencies result in more zero or
negative lead-times. A lack of lead-time increases one's risk to tornado fatality. Therefore, lower
tornado frequencies may predict tornado fatalities as it does in this study by predicting TDI
values. For the variable percent born in the Northeast, as it increases the TDI decreases. The
majority of tornado fatalities in 2011 have been found to occur in the Southeastern portion of the
United States (Simmons et al. 2012). Since there are higher tornado fatalities in the Southeast it
could be assumed that there are less in the Northeast. Therefore, the reasoning for the decreasing
trend may be due to those who are born in the Northeast staying the Northeast. Finally, for the
percent of rural housing units, as it increases, TDI increases. This does not necessarily
correspond to the literature. The literature suggests that the more urban development there is, the
more potential risk of disaster there is (UNISDR 2012). This finding does not follow this trend.
However it has also been found that the better the quality of the development, the smaller the
vulnerability is to a hazard (UNISDR 2012). Therefore, the quality of the urban development
may decrease vulnerability. It is possible that rural housing units have less quality compared to
urban housing units. Therefore, rural housing units may result in higher TDI values due to being
of lesser quality.
Variables that were significant but were not hypothesized to be are median average
tornado width and median potential casualty. These variables were not hypothesized to be
significant due to a lack of literature on tornado width and potential casualty and their effects on
tornado fatalities. For tornado width, no previous studies could be found utilizing tornado width
as a predictor of tornado fatalities. Also, potential casualties were not found to coincide with
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actual tornado fatalities in the previous literature. However, tornado width and potential casualty
did show to influence TDI. As tornado width increases the TDI increases. This suggests that
larger tornadoes result in higher TDIs. This finding is expected since the area of the tornado is
greater and affecting more people. Finally, as potential casualty increases the TDI decreases.
This finding corresponds with the literature. Actual tornado fatalities and Sadowski’s (1965)
geographic distribution of potential casualties do not coincide (Sims and Baumann 1972). As
potential casualties increases, the TDI ratio decreases which indicated that potential casualties
get larger and further away in values from the actual fatalities. Therefore, potential casualties and
actual fatalities do not coincide. Overall, R1 is a significant model but it moderately represents
the real world situation. It is suspected that the model resulted the way it did due to the larger
size of the model, possible slight correlations, and because the model is predicting TDI values
and not tornado fatalities.
The final model (R2) was the result of backwards stepwise regression. The resulting
model (R2) from the backwards stepwise regression had a higher adjusted R-squared value in
comparison to R1. The higher adjusted R-squared value indicates that R2 does a better job of
explaining TDI values than R1. This model (R2) was likely improved by the removal of
nonsignificant variables. The resulting significant variables from the final model (R2) were
median tornado frequency, median average tornado width, median percent of ages 35-44, median
percent born in the Northeast, median percent of rural housing units, and median potential
casualty at 0.05 significance level. This means that the frequency of tornado occurrences, the
width of tornado paths, people aged 35-44, being born in the Northeast, the proportion of rural
housing units, and the number of potential tornado fatalities from the potential casualty
calculation influences the proportion of actual tornado fatalities to potential fatalities (TDI).
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Variables that were close to being significant were percent female and the median percent
Hispanic. As stated previously, studies have mixed results regarding genders’ effect on tornado
fatalities. It is possible that gender may help explain TDI but other variables in the model are
keeping the significance level of the percent female higher.
Of the variables hypothesized to be significant, the frequency of tornado occurrence,
being born in the Northeast, and the proportion of rural housing units influence TDI values.
These variables once again correspond to the previous literature as discussed when describing
the first model (R1). Of the variables that were hypothesized to be significant, household
incomes of $10,000-14,999, being Hispanic, being female, and having a Bachelor’s degree or
higher do not influence TDI values. These variables may not have been significant due to flaws
with the model. Variables that were significant but were not hypothesized to be are average
tornado width, ages 35-44, and potential casualty. These variables were not hypothesized to be
significant due to a lack of literature on tornado width and ages 35-44 and their effects on
tornado fatalities. Finally, once again potential casualty was not hypothesized to be significant
due to a lack of studies on this topic and the findings associated with it. The coefficients for the
significant variables were in the same direction as they were for R1. A difference from R1 is that
R2 also had ages 35-44 as a significant predictor of TDI values. As the percentage of those aged
35-44 years old increases, the TDI decreases. Although the previous literature makes no
reference to the ages 35-44 and the effects that age group has on tornado fatalities some
assumptions from the results of this study and the previous literature can be made about ages 3544. Being elderly (65 and over) has been associated with increased vulnerability to tornado
fatality (Schmidlin and King 1995; Biddle 2007; Paul and Stimers 2012). If being elderly
increases fatalities then it is possible that being ages 35-44 reduces fatalities.
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In short, what seems to have a significant effect on TDI values are physical factors such
as tornado frequency and tornado width. Social factors which influence TDI values include ages
35-44, being born in the Northeast, the percent of rural housing units, and potential casualty.

4.3 Multiple Regression Diagnostics
For the final model (R2) many observations had leverage. Due to the nature of the
dependent variable and the reliability of the data sources for the predictor variables all
observations were kept in the model. It is possible that groups of unusual observations suggest
missing predictors. When examining residual plots, linearity was observed. While observing the
residual plots, linearity can be seen for tornado frequency, household incomes $10,000-14,999,
and percent of rural housing units. Some of the variables that tended to diverge from linearity are
some of the significant variables. This suggests that these diverging variables may be skewing
the model, which reduces the reliability of the model.
Heteroscedasticity exists in all of the residual plots. Heteroscedasticity was expected due
to the nature of the data. However, heteroscedasticity also reduces reliability in the model. The
model and observations seem to coincide pretty well in the marginal model plots which indicate
some strength to the model and its ability to predict TDI values. However, some variables did
have some divergence on the marginal model plots towards the higher values. The marginal
model plots indicate that the model overall predicts the data very well, but at the higher values
for the predictor variables the model becomes less reliable. The divergence could be caused due
to a lack of data in those upper ranges. Overall, the model does have some flaws with leverage,
heteroscedasticity, and divergence in the upper ranges of the predictor variables, but in general
the model performs moderately well.
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4.4 Interview Analysis
In the analysis of the interview it comes across that Mr. Griffin seems very
knowledgeable about his state, and his county. During the interview, it was clear that Mr. Griffin
enjoys what he does and takes great pride in his county. Two overarching themes that came from
the interview were vulnerabilities and risks, and protective and preventive measures. In the
following sections the various themes, sub-themes, and categories will be discussed.

4.4.1 Vulnerabilities and Risks: Vulnerabilities
The first sub-theme of vulnerabilities and risks is vulnerabilities. The categories that
arose in this sub-theme were age, mobility challenged, and cultural beliefs. These findings
suggest that important vulnerabilities to consider are age, mobility challenged individuals, and
cultural beliefs when considering those vulnerable to tornado fatality. It is acknowledged that
age can cause someone to be mobility to be challenged, but due to how they were presented in
the interview they are considered separate vulnerabilities.
Interestingly, of all the social vulnerability factors that were confirmed in the literature,
and of all the ones hypothesized to be relevant, Mr. Griffin only mentions three. Mr. Griffin may
not be mentioning other vulnerabilities because these three vulnerabilities (age, mobility
challenged, and cultural beliefs) may be the only ones Mr. Griffin has encountered in Gunter
County. Age and cultural beliefs were considered relevant to this study but the degree of mobility
had not been considered as a relevant category for vulnerability because it is difficult to measure.
Only one of these vulnerabilities corresponds with the results from the regressions and
that variable is age. However, Mr. Griffin discusses the very young and elderly as being the
vulnerable populations and in the regressions the only age group that proved to be significant
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after the removal of correlations was the age group 35-44. However, ages 35-44 were found to
decrease TDI therefore the models do not falsify Mr. Griffins believed vulnerable ages. A
conflicting finding between the interview and the regression is that cultural beliefs may be a
vulnerability to tornado fatalities. In the regressions the percentage of adherents to religion did
not show to be significant. However, these conflicting results may arise due to differences in the
cultural beliefs studied. In the regressions, religion is studied and in the interview Mr. Griffin
refers to cultural beliefs as differences in cultures across ethnicities.
In the interview it became clear that Gunter County emergency management does quite a
bit of work with the elderly and mobility challenged communities, by specifying collaborations
with organizations to approach vulnerable populations, and by providing caregiver workshops.
The amount of work they do with these communities demonstrates how large they believe these
vulnerabilities are.

4.4.2 Vulnerabilities and Risks: Behaviors
The second sub-theme of vulnerabilities and risks is behaviors. The categories that
arose in this sub-theme were take action, do not act immediately, and seek to verify. These
findings suggest that behaviors displayed during tornado warnings are taking action, not acting
immediately, and they seek to verify. It is acknowledged that seeking to verify can be considered
taking action however they are addressed separately in the interview. It also became apparent in
the interview that the take action category seems to refer to taking shelter. Therefore, the take
action category and the seek to verify category are kept separate due to being addressed
separately and the references to taking shelter.
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In the literature all three of these behaviors are discuss when considering studies on
tornado warning response. It has been found that risk perception can be influenced positively or
negatively by weather information access (Silver 2012). This finding suggests that people seek to
verify a hazard and if they cannot verify the hazard it affects their risk perception. It has also
been found that people are less likely to respond to tornado warnings if the lead-time is longer
(Doswell 1999; Simmons and Sutter 2008; Simmons and Sutter 2009; Silver 2012). This lack of
response may be due to an increased sense of preparedness (Doswell 1999; Silver 2012).
Therefore, when people have longer lead-times they are less likely to act immediately due to an
increased sense of preparedness.
These categories do not correspond to the regression results since these categories are not
variables considered in the models. However, new findings did emerge. Overall, the people in
Gunter County do take action. This is a perception, however Mr. Griffin is highly reliable source
for this information due to it being his job to know his community thoroughly and understand
how they respond to hazards. Another new finding was that people do not take action
immediately, they seek to verify. Mr. Griffin credited his knowledge of this behavior to crisis
communications training. Therefore, it may or may not be occurring in his county. He did not
provide an example of this behavior relating to his county. However, due to the reliability of the
source that knowledge comes from, it is considered a finding.

4.4.3 Vulnerabilities and Risks: Physical Risk Factors
The third sub-theme of vulnerabilities and risks is physical risk factors. The categories
that arose in this sub-theme were low frequency, quick development, short duration, lack of
visibility, difficult predictability, seasonal character, and lack of warning lead-time. This means
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that the physical risk factors that increase vulnerability to tornado fatality in Gunter County are a
low frequency of tornadoes, quick development of tornadoes, short tornado duration, a lack of
visibility of the tornado, difficult predictability of a tornado, seasonal character of tornadoes
there, and a lack of warning lead-time. Another finding that emerged from the interview was that
tornadoes are quick developing, have short durations, and lack warning lead-time in the South.
The literature confirms many of these categories as physical risk factors. For instance,
low tornado frequencies affects tornado warning lead-times negatively (Brotzge and Erickson
2009). Months with a low frequency of tornadoes tend to show the highest percentage of negative
or zero warning lead-times (Brotzge and Erickson 2009). Months with lower tornado frequency
may indeed lead to high incidences of tornado fatality due to lack of lead-time. When addressing
visibility in the previous literature, a lack of visibility of tornadoes is present in the South. The
physicality of the majority of the South consists of forested, hilly terrain, with a higher
occurrence/percentage of low level humidity compared to other regions (Black and Ashley
2011). Tornadoes also can be difficult to forecast accurately (Silver 2012). This difficult
predictability is due to their short duration (Silver 2012).
One finding that is not confirmed in the literature is season character. In the United
States, tornado warnings peak between March-June (Kelly et al. 1978; 1985; Brooks et al. 2003;
Doswell et al. 2005; Ashley 2007; Black and Ashley 2011). This finding suggests that the
tornado season in the United States in between March-June. For Gunter County their tornado
season runs from May to August according to Mr. Griffin. All over the United States tornado
seasons vary. A differing seasonal character of tornadoes from the average was expected.
However, it is interesting to compare the season in Gunter County to the average season in the
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United States. It was expected that the tornado season would run from late winter to late spring
or possibly longer due to the warmer temperatures in the South.
When considering how these physical risk factors compared to those in the linear
regression model only one variable in both the models corresponds to one of the categories listed
in this section. In the regression models, tornado frequency was a significant predictor of TDI
values. As tornado frequencies increase, the TDI values decrease. These findings suggest that
lower tornado frequencies predict higher TDI values; therefore a lower frequency of tornadoes
predicts when the number of actual fatalities approached the potential. These findings directly
correspond to the physical risk factor of low frequencies in Gunter County. Mr. Griffin gave low
frequency as the physical risk factor in his county that increases vulnerability to tornado fatality.
Overall, the physical risk factors that contribute to vulnerability to tornado fatalities are
expected. Unfortunately, of all the categories under physical risk factors only two were used as
variables in the regressions. Tornado frequency is supported as a risk factor which can increase
vulnerability to tornado fatality in both the regressions and in the interview. The other variable
that corresponds to the short duration category is tornado path length. However, tornado path
length was correlated with other variables; therefore it was not utilized in the regression.
Moreover, the short duration category could not be supported by the regressions due to the
removal of the tornado path length variable.

4.4.4 Protective and Preventive Measures: Actual Protective Measures
The first sub-theme of theme protective and preventive measures is the sub-theme
actual protective measures. The categories that arose in this sub-theme were collaboration with
other agencies, and educate the public. This means that collaboration with other agencies and
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educating the public are some actual protective measures Gunter County uses to reduce
vulnerability to tornado fatality.
The categories listed are expected when considering protective measures. Specifically,
collaboration with other agencies is expected due to previous literature. League et al. (2010)
wrote about the roles of emergency managers. Prior to putting out tornado warning information
emergency managers collaborate with several organizations. While assessing a tornado hazard
emergency managers collaborate with storm spotters, first responders, and NWS meteorologists
to verify tornadoes (League et al. 2010). These collaborations take place to protect the public.
Collaborations with other agencies are extremely important for effective emergency
management.
Protective measures were not variables that could be examined in the regression for this
study. Data on collaborations and educating the public on tornadoes are hard to measure;
therefore they could only be examined in the interview. Other protective measures taken on by
Gunter County probably exist, however the two categories given are the only ones that emerge.
Nevertheless, collaborating with other agencies and educating the public on hazards are probably
the biggest protective measures a county could take. Other protective measures are probably not
mentioned due to the amount of collaboration and education that take place. Overall, the most
protective measure Gunter County takes seems to be educating the public through the interface
of organizations.

4.4.5 Protective and Preventive Measures: Ideal Strategies
The second sub-theme of theme protective and preventive measures is the sub-theme
ideal strategies. The categories that arose in this sub-theme were educate the public in general,
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and take special measures to educate and protect vulnerable populations. This means that ideal
strategies for reducing vulnerability to tornado fatality are educating the public and taking
special measure to educate and protect vulnerable populations. These two categories were given
as ideal strategies. Other strategies for preventing a disaster exist, however these were the only
two mentioned. Once again, educating the public is probably the biggest strategy that can be
taken to reduce vulnerability. Special measures to educate and protect vulnerable populations
involve reaching out to the vulnerable populations and their caregivers.
The two categories under ideal strategies were not able to be used as variables and the
linear regression models. The categories could not be used because they are difficult to measure.
Overall, educating all types of populations seems to be the ideal strategy for reducing
vulnerability.
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Chapter 5. Conclusions
In general, this study looks at a distribution of tornadoes fatality by considering physical
and societal influences. The NWS wants to save as many lives as possible, so research like this
can help with those efforts (Passe-Smith 2013). Therefore, understanding what factors may
contribute to higher tornado fatalities in areas of lower potential casualty, specifically in counties
in the Midwest and South, can improve warning forecasts, and help educate the public on
tornado fatalities. This study models and determines significant physical tornado characteristics
and social predictor variables of TDI values, and investigates these significant predictors and
what makes people vulnerable to tornado fatalities through expert interviews.
As mentioned, of the studies that exists, women feel more weather salience than men,
potential casualties may not necessarily predict actual casualties, and region of residence is a
significant predictor of tornado fatalities, in some cases even when the tornado climatology of
the areas are similar (Sims and Baumann 1972; Stewart 2006). This project continues efforts to
investigate direct tornado fatalities in counties across the Midwestern and Southern United
States. The counties of particular interest were rural and urban counties which have had direct
tornado fatalities in the Midwest and Southern regions.
Since emergency managers have firsthand knowledge of how their communities respond
to natural disasters risk reduction, this study involved an emergency manager. Risk perception
can be hard to observe in quantitative research alone and very little studies incorporate
qualitative methods when studying tornado fatalities. More qualitative studies are needed to
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further examine differences in tornado fatalities. This study is an example of this
interdisciplinary approach.
This study is of value because it better develops the knowledge regarding predictors of
tornado fatalities, possible causes, and vulnerability. The following research questions were
asked: What leads to higher fatality rates in counties of lower potential casualty compared
to lower fatality rates in counties of higher potential casualty? What does a vulnerable
community look like in the face of a tornado? And how do these hypothetical vulnerable
communities differ among varying populations and regions?
In order to address the research questions and hypotheses the first part of the study, the
quantitative part, involved descriptive statistics, two linear model configurations, and
diagnostics. The second part of the study, the qualitative part, involved coding, discovering
themes and sub-themes, breaking the codes under the sub-themes into categories, and finding
quotes that demonstrated the categories.
For the initial model (R1), with a final adjusted R-squared value of 0.4614, the significant
variables were tornado frequency, tornado width, percent born in the Northeast, percent of rural
housing units, and potential casualty. The final model (R2) had a final adjusted R-squared value
of 0.4685. The significant predictor variables of TDI are tornado frequency, tornado width, ages
35-44, percent born in the Northeast, percent rural housing units, and potential casualties.
For the coding, two overarching themes came through. The two themes discussed were
vulnerabilities and risks, and protective and preventive measures. The first sub-theme of
vulnerabilities and risks is vulnerabilities. The categories that arose in this sub-theme were
age, mobility challenged, and cultural beliefs. The second sub-theme is behaviors. The
categories that arose in this sub-theme were take action, do not act immediately, and seek to
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verify. The third sub-theme is physical risk factors. The categories that arose in this sub-theme
were low frequency, quick development, short duration, lack of visibility, difficult predictability,
seasonal character, and lack of warning lead-time.
The second overarching theme is protective and preventive measures. The first subtheme of theme protective and preventive measures is the sub-theme actual protective
measures. The categories that arose in this sub-theme were collaboration with other agencies,
and educate the public. Finally, the second sub-theme is ideal strategies. The categories that
arose in this sub-theme were educate the public in general, and take special measures to educate
and protect vulnerable populations.
Some of the findings from the interview define who are the vulnerable populations,
suggest differences exist between regions, and describes ways to reduce vulnerability. First, age,
cultural beliefs, and being mobility challenged may increase risk of tornado fatality. Also,
differences in tornadoes may exist between the Midwest and South in terms of tornado
development, duration, and warning lead-times. Finally, vulnerability can be reduced by
educating the public, and reaching out to vulnerable populations and their caregivers.

5.1 Study Weaknesses and Suggestions for Future Research
Some of the weaknesses in this study are there are many outlying observations. The
outlying observations have leverage. Another weakness was that several of the variables chosen
for this study had correlations. For instance several correlations between demographic and
housing type and characteristic variables exist.
The TDI variable has some flaws. The equation utilizes the average tornado path area for
the full study period. The weakness associated with using that equation variable is that not all
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tornado path area are the same. Also, populations are not equally distributed in counties. For the
TDI an unequal distribution of the populations in the counties can cause TDI values to be higher
than they would be if populations were equally distributed. TDI assumes an equally distributed
population, thus if it is not equally distributed then TDI values will be higher or lower that it
should be. This occurrence of affected TDI values by unequal populations densities skew the
TDI. Overall, TDI values are very sensitive and the results must be considered cautiously due to
these flaws.
Finally, another weakness of this study is that it lacked respondents to the recruitment
emails, diversity in regions, and diversity in rural and urban defined counties. Having multiple
emergency managers in differing regions and in rural and urban counties were the ideal plan for
the interview. The differing regions and rural/urban classification would have allowed for those
variables to be considered and compared when addressing themes, sub-themes, and categories.
Several variables were found to be significant in this study for both models. Several of
the variables that were significant were variables that have not been studied often, if at all,
therefore the average tornado width, ages 35-44, percent born in the Northeast, percent of rural
housing units, and potential casualty should be utilized in future studies as predictor variables to
examine these relationships further.
Some suggestions for future research would involve changes in calculations, an
exploration of interactions, more study participants, and a slightly different order of the study.
For instance, the nocturnal tornado variable should be the percent of nocturnal tornadoes rather
than the average coded nocturnal tornado. This change in calculation would provide a more
reliable output in the regressions. Also, the median EF-Scale should be taken for each study
period rather than the average. The median EF-Scale would be a more accurate representation of
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the central most EF-Scale. Using the average EF-Scale could result in skewed values due to very
small or very large, therefore using the median EF-Scale would be more accurate.
Another suggestion for future research is exploring possible interactions. In this study
several possible interactions were noticed between variables in the scatterplot matrices, but they
were not explored further due to time constraints. In the future, possible interactions should be
explored by adding them to the regressions to see if they are significant predictors of TDI.
Also in this study, TDI was used as the response variable. This is the second study TDI
has been in and it is the first that has had regressions run against it. TDIs ended up having a
relationship with several variables in this study. These relationships should be studied further.
Finally, since these relationships exist, the usefulness of the TDI should be examined
Additional efforts to solicit responses from emergency managers, or next highest order
emergency manager should be undertaken in future studies since they have a lot of knowledge
regarding hazards and their communities. Emergency managers know a plethora of information
about hazards, disasters, vulnerable populations, mitigative actions their communities take, and
much more. Often times they have years of experience in the counties they are in as well as in
previous areas they have worked to get where they are. More emergency managers should be
interviewed. And more specifically, region and rural vs. urban categorization should be
considered to study the potential variability in between the answers.
Including an expert interview in this study contributed another element to this study
which simply could not have been gained through just quantitative methods. Its inclusion
provided data that cannot be measured. Few tornado related studies have included qualitative
methods and this study is one of them. Qualitative methods should be utilized more in
combination with quantitative methods in tornado research.
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Also, Mr. Griffin discussed which vulnerabilities in his county put people at higher risk
of tornado fatality. He suggested that age, mobility challenged populations, and cultural beliefs
increase one’s vulnerability to tornado fatality. These variables seemed to be the most important
vulnerabilities in his community, therefore due to his expert knowledge these variables should be
considered. In future research dealing with tornado fatalities the following variables should be
studied further: age, mobility challenged populations, and cultural beliefs.
The final suggestion for future research is for more mixed methods approaches to be
taken when studying tornadoes. For this study mixed methods allowed for added supporting
evidence for the results in the regression models and vice versa. The mix methods also allowed
for categories to come out of the data that just simply could not be studied using quantitative
method, therefore more mixed methods approaches should be taken. Also, a different approach
to mixed methods could be beneficial. If the qualitative portion of the study was done first then
possible predictor variables that may arise from interviews could be studied in the quantitative
portion of the study. This approach may also reduce the number of variables needed to be
studied.
Overall, tornado fatalities are not something that only meteorologists should study.
Collaboration among differing fields needs to happen in order to fully understand tornado
fatalities. More specifically, mixed methods need to be done to study tornado fatalities. This
study makes use of both quantitative and qualitative methods allowing for a better understanding
of the tornado fatalities. This study will hopefully lead to more mixed methods and collaborative
approaches to tornado disasters. This study looked at a distribution of tornadoes fatalities by
considering physical and societal influences, explored vulnerabilities, and protective measures
through collaboration between fields and by use of mixed methods.
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Appendix I: Interview Schedule
Interview Schedule
(Created 11/05/2014, HK)
1.

What is your position, title, and duties? How much time have you spent in this
job? What education and/or professional training/previous work experiences lead
to your job?

2.

Please describe the people in your county. How diverse is your county?

3.

What policies and procedures does your municipality have regarding tornado
warnings? What about sirens? What about shelters? What about tornado
education?

4.

What is your county’s overall risk of tornadoes?

5.

Where do you see the biggest risk areas? Can you describe those areas?

6.

How do the people in your county respond to tornado warnings?

7.

What do you believe makes people in your county vulnerable to tornado fatality?

8.

What are the biggest challenges to your vulnerable populations?

9.

Are there cultural beliefs that may affect the responsiveness of your community?
If so, how do the cultural beliefs affect a response to a tornado warning?

10.

Which vulnerable groups discussed poses the most risk of tornado fatality? And
why?

11.

What do you think are the best ways to address the resilience of these vulnerable
populations? What does your county do?

12.

Has your county’s response to tornadoes changed over time? What has lead to a
more successful tornado warning response?

13.

Is there anything important that I did not ask you?

14.

Do you have any questions about my research?
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Appendix II: Recruitment Email
Hello “Enter Name Here”,
My name is Heather Key and I’m a graduate student in the School of Geosciences at the
University of South Florida. I am currently working towards my Masters of Science in
Environmental Science and Policy. In order to earn my Masters I am working to complete a
thesis. The purpose of this thesis is to study and determine what makes people vulnerable to
tornado fatalities, part of my thesis will look at this through expert interviews of emergency
managers. I was hoping you and some of your colleagues could take part in this research. You
may share my information, provided below, to any of your colleagues that may be interested in
participating in this study. The interview will take place over the phone or by webcam. The
interview will be done within the next month and a half, take approximately 45 minutes, and be
conducted at the most convenient time for you. No identifiable information about you or your
county will be recorded in the study besides your title, the county region, and whether or not
your county is urban or rural. Finally, pseudonyms will be given for your privacy.
If you have any questions, or if you are or are not interested in participating in this study
(IRB#0001992), or can provide the contact information of someone else in your municipality
that might be interested, feel free to contact me at 815-600-3263, or email me at:
hkey@mail.usf.edu. I would really appreciate your involvement in my study, I believe there is a
lot that can be learned from emergency managers regarding vulnerability and tornado fatalities,
and I hope to hear from you soon.
Sincerely,
Heather Key
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Appendix III: IRB Approval Letter

12/16/2014
Heather Key
USF School of Geosciences
4202 E. Fowler Avenue, NES 107
Tampa, FL 33620
RE:
IRB#:
Title:

Expedited Approval for Initial Review
Pro00019992
Tornado Fatalities: An In-Depth Look at Physical and Societal Influences.

Study Approval Period: 12/15/2014 to 12/15/2015
Dear Ms. Key:
On 12/15/2014, the Institutional Review Board (IRB) reviewed and APPROVED the above
application and all documents outlined below.
Approved Item(s):
Protocol Document(s):
StudyProtocol12-06-2014.docx
Consent/Assent Document(s)*:
InformedConsent_v2_12.06.14.docx.pdf
*Please use only the official IRB stamped informed consent/assent document(s) found under the
"Attachments" tab. Please note, these consent/assent document(s) are only valid during the
approval period indicated at the top of the form(s).
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It was the determination of the IRB that your study qualified for expedited review which includes
activities that (1) present no more than minimal risk to human subjects, and (2) involve only
procedures listed in one or more of the categories outlined below. The IRB may review research
through the expedited review procedure authorized by 45CFR46.110 and 21 CFR
56.110. The research proposed in this study is categorized under the following expedited review
category:
(6) Collection of data from voice, video, digital, or image recordings made for research
purposes.
(7) Research on individual or group characteristics or behavior (including, but not limited to,
research on perception, cognition, motivation, identity, language, communication, cultural beliefs
or practices, and social behavior) or research employing survey, interview, oral history, focus
group, program evaluation, human factors evaluation, or quality assurance methodologies.
As the principal investigator of this study, it is your responsibility to conduct this study in
accordance with IRB policies and procedures and as approved by the IRB. Any changes to the
approved research must be submitted to the IRB for review and approval by an amendment.
We appreciate your dedication to the ethical conduct of human subject research at the University
of South Florida and your continued commitment to human research protections. If you have
any questions regarding this matter, please call 813-974-5638.
Sincerely,

John Schinka, Ph.D., Chairperson USF Institutional Review Board
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Appendix IV: Informed Consent Form

Informed Consent to Participate in Research
Information to Consider Before Taking Part in this Research Study
IRB Study # 0001992
You are being asked to take part in a research study. Research studies include only people who
choose to take part. This document is called an informed consent form. Please read this
information carefully and take your time making your decision. Ask the researcher or study staff
to discuss this consent form with you, please ask him/her to explain any words or information
you do not clearly understand. We encourage you to talk with your family and friends before
you decide to take part in this research study. The nature of the study, risks, inconveniences,
discomforts, and other important information about the study are listed below.
We are asking you to take part in a research study called:
“Tornado Fatalities: An In-Depth Look at Physical and Societal Influences.”
The person who is in charge of this research study is Heather Key, a graduate student in the
School of Geosciences at the University of South Florida. This person is called the Principal
Investigator. She is being guided in this research by Dr. Jennifer Collins, Associate Professor in
the School of Geosciences at the University of South Florida. This person is called the Faculty
Advisor.
The research will be conducted over the phone or on webcam in a setting that is convenient and
suitable to conduct private conversation.
Purpose of the study
The purpose of this study is to:
 The purpose of this research is to study and determine what makes people vulnerable to
tornado fatalities through expert interviews.
 This study is part of a Master Thesis towards a Masters of Science in Environmental
Science and Policy. Expert interviews will be conducted by the Principal Investigator,
Heather Key, a graduate student.
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Study Procedures
If you take part in this study, you will be asked to:









Participate in a 45-60 minute expert interview over the phone or on webcam which will
be audio-recorded.
We will not identify you by full name, address, phone number, email or any other
personal information. We will only refer to you with a first name pseudonym. If you like,
you can choose how you would like to be called in our study.
We will only need to speak with you one time.
Your end of the interview can be conducted at any place that is convenient to you and
allows for a longer, private conversation.
If you like, we can give you a copy of the recorded interview for your personal use.
If you like, we can also give you a copy of the interview transcript for your personal use.
The recorded interviews (audio) and the transcripts (files) will be kept on password
protected computers. They will not contain any identifiable information. These records
will be kept for five years before they are destroyed (deleted or shredded).
The electronically signed consent forms will be kept on a password protected computer in
Heather Key’s USF office computer, no copies (paper or electronic) will be made. These
forms will also be destroyed after five years.

Total Number of Participants
About 6-10 individuals will take part in this study at USF.
Alternatives
You do not have to participate in this research study.
Benefits
We are unsure if you will receive any benefits by taking part in this research study. However, it
may be enjoyable to speak with a USF graduate student about your career, acquired knowledge
regarding tornadoes, and your community.
Risks or Discomfort
This research is considered to be minimal risk. That means that the risks associated with this
study are the same as what you face every day. There are no known additional risks to those
who take part in this study.
Compensation
You will receive no payment or other compensation for taking part in this study.

123

Privacy and Confidentiality
We will keep your study records private and confidential. Certain people may need to see your
study records. By law, anyone who looks at your records must keep them completely
confidential. The only people who will be allowed to see these records are:
 The research team, including the Principal Investigator, and the Faculty advisor.
 Certain government and university people who need to know more about the study. For
example, individuals who provide oversight on this study may need to look at your
records. This is done to make sure that we are doing the study in the right way. They also
need to make sure that we are protecting your rights and your safety.
 Any agency of the federal, state, or local government that regulates this research. This
includes the Food and Drug Administration (FDA), Florida Department of Health, and
the Department of Health and Human Services (DHHS) and the Office for Human
Research Protection (OHRP).
 The USF Institutional Review Board (IRB) and its related staff who have oversight
responsibilities for this study, staff in the USF Office of Research and Innovation, USF
Division of Research Integrity and Compliance, and other USF offices who oversee this
research.
We may publish what we learn from this study. If we do, we will not include your name. We
will not publish anything that would let people know who you are.
Voluntary Participation / Withdrawal
You should only take part in this study if you want to volunteer. You should not feel that there is
any pressure to take part in the study. You are free to participate in this research or withdraw at
any time. There will be no penalty or loss of benefits you are entitled to receive if you stop
taking part in this study.
You can get the answers to your questions, concerns, or complaints
If you have any questions, concerns or complaints about this study, or experience an adverse
event or unanticipated problem, call the Principal Investigator Heather Key (Graduate Student in
the School of Geosciences at USF) at 815-600-3263, or email her at: hkey@mail.usf.edu.
If you have questions about your rights as a participant in this study, general questions, or have
complaints, concerns or issues you want to discuss with someone outside the research, call the
USF IRB at (813) 974-5638.
Consent to Take Part in this Research Study
It is up to you to decide whether you want to take part in this study. If you want to take part,
please sign the form, if the following statements are true.
I freely give my consent to take part in this study. I understand that by signing this form I am
agreeing to take part in research. I have received a copy of this form to take with me.
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_____________________________________________
Signature of Person Taking Part in Study

____________
Date

_____________________________________________
Printed Name of Person Taking Part in Study
Statement of Person Obtaining Informed Consent
I have carefully explained to the person taking part in the study what he or she can expect from
their participation. I hereby certify that when this person signs this form, to the best of my
knowledge, he/ she understands:
 What the study is about;
 What procedures/interventions/investigational drugs or devices will be used;
 What the potential benefits might be; and
 What the known risks might be.
I can confirm that this research subject speaks the language that was used to explain this research
and is receiving an informed consent form in the appropriate language. Additionally, this subject
reads well enough to understand this document or, if not, this person is able to hear and
understand when the form is read to him or her. This subject does not have a
medical/psychological problem that would compromise comprehension and therefore makes it
hard to understand what is being explained and can, therefore, give legally effective informed
consent. This subject is not under any type of anesthesia or analgesic that may cloud their
judgment or make it hard to understand what is being explained and, therefore, can be considered
competent to give informed consent.
___________________________________________________________
Signature of Person Obtaining Informed Consent / Research Authorization

_______________
Date

_______________________________________________________________
Printed Name of Person Obtaining Informed Consent / Research Authorization
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